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UNCLASSIFIED

Department of the Navy
FY 2000 RDT&E Program Exhibit R-1

APPROPRIATION: 1319n Research, Development, Test and Evaluation, Navy DATE: February 1999

Thousands of Dollars

Program
R-1 Element Budget Security
Line Number Number Item Nomenclature Activity FY 1998 FY 1999 FY 2000 Classification
1 0601152N In-House Independent Lab Research 1 13,268 14,663 15,630 U
2 0601153N Defense Research Sciences 1 318,176 346,836 361,118 U
Total Basic Research 331,444 361,499 376,748
3 0602111N Surface/Aerospace Surv. & Weapons Technology 2 22,886 40,823 37,616 U
4 0602121N Surface Ship Technology 2 43,430 55,456 43,786 U
5 0602122N Aircraft Technology 2 22,428 28,367 20,660 U
6 0602131M Marine Corps Landing Force Technology 2 12,478 12,970 10,534 U
7 0602228N Historically Black Colleges and Universities 2 6,684 U
(Prior Year Only/R2 Not Required/Transferred to RDT&E-DW)
8 0602232N  C3 Technology 2 54,084 67,008 68,823 U
9 0602233N  Human Systems Technology 2 40,405 31,426 30,586 U
10 0602234N  Materials, Electronics & Computer Technology 2 76,194 87,698 77,987 U
11 0602270N  EW Technology 2 16,982 22,743 24,659 U
12 0602314N Undersea Surv. & Weapons Technology 2 39,758 49,710 51,406 U
(R2/R3 Materials provided in Classified Budget Book)
13 0602315N MCM, Mining & Special Warfare Technology 2 35,221 45,496 45,022 U
14 0602435N Ocean & Atmospheric Technology 2 74,767 68,726 60,334 U
15 0602633N Undersea Warfare Weapon Technology 2 28,726 39,717 34,066 U
(R2/R3 Materials provided in Classified Budget Book)
16 0602805N Dual Use Application Program 2 - 9,977 18,390 U
Total Applied Research 467,359 566,801 523,869
17 0603217N Air Systems & Weapons Advanced Technology 3 38,082 47,398 42,046 U
18 0603238N  Global Surv/Prec Strike/Air Defense Tech Demo 3 57,426 69,466 52,580 U
19 0603270N  Advanced EW Technology 3 18,352 18,093 18,984 U
20 0603508N  Ship Propulsion System 3 48,369 52,889 41,515 U
21 0603640M MC Advanced Technology Demo 3 58,467 56,187 56,943 U
22 0603706N Medical Development (Advanced) 3 57,372 68,505 15,064 U
23 0603707N  Manpower, Pers, & Training Adv Tech Demo 3 20,340 26,466 20,632 U
24 0603712N Environmental Quality & Logistics Adv Tech 3 27,327 23,373 23,809 U
25 0603727N  Joint Experimentation Program 3 - 15,900 41,840 U
26 0603747N Undersea Warfare Advanced Technology 3 44,548 57,341 57,956 U
(R2/R3 Materials provided in Classified Budget Book)
27 0603782N  Shallow Water MCM Demos 3 40,352 44,220 48,711 U
28 0603792N  Advanced Technology Transition 3 86,094 73,652 75,635 U
29 0603794N C3 Advanced Technology 3 21,888 39,686 23,808 U
Total Advanced Technology Development 518,617 593,176 519,523
Total Science and Technology (S&T) 1,317,420 1,521,476 1,420,140
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UNCLASSIFIED

Department of the Navy
FY 2000 RDT&E Program
Alphabetic Listing

APPROPRIATION: 1319n Research, Development, Test and Evaluation, Navy

Exhibit R-1

DATE: February 1999

Thousands of Dollars

Program
R-1 Element Budget Security
Line Number Number Item Nomenclature Activity FY 1998 FY 1999 FY 2000 Classification
19 0603270N  Advanced EW Technology 3 18,352 18,093 18,984 U
28 0603792N  Advanced Technology Transition 3 86,094 73,652 75,635 U
17 0603217N Air Systems & Weapons Advanced Technology 3 38,082 47,398 42,046 U
5 0602122N Aircraft Technology 2 22,428 28,367 20,660 U
29 0603794N C3 Advanced Technology 3 21,888 39,686 23,808 U
8 0602232N  C3 Technology 2 54,084 67,008 68,823 U
2 0601153N Defense Research Sciences 1 318,176 346,836 361,118 U
16 0602805N Dual Use Application Program 2 - 9,977 18,390 U
24 0603712N  Environmental Quality & Logistics Adv Tech 3 27,327 23,373 23,809 U
11 0602270N  EW Technology 2 16,982 22,743 24,659 U
18 0603238N  Global Surv/Prec Strike/Air Defense Tech Demo 3 57,426 69,466 52,580 U
7 0602228N Historically Black Colleges and Universities 2 6,684 U
(Prior Year Only/R2 Not Required/Transferred to RDT&E-DW)
9 0602233N  Human Systems Technology 2 40,405 31,426 30,586 U
1 0601152N In-House Independent Lab Research 1 13,268 14,663 15,630 U
25 0603727N  Joint Experimentation Program 3 - 15,900 41,840 U
23 0603707N  Manpower, Pers, & Training Adv Tech Demo 3 20,340 26,466 20,632 ]
6 0602131M Marine Corps Landing Force Technology 2 12,478 12,970 10,534 U
10 0602234N  Materials, Electronics & Computer Technology 2 76,194 87,698 77,987 U
21 0603640M MC Advanced Technology Demo 3 58,467 56,187 56,943 U
13 0602315N MCM, Mining & Special Warfare Technology 2 35,221 45,496 45,022 ]
22 0603706N Medical Development (Advanced) 3 57,372 68,505 15,064 U
14 0602435N Ocean & Atmospheric Technology 2 74,767 68,726 60,334 ]
27 0603782N  Shallow Water MCM Demos 3 40,352 44,220 48,711 U
20 0603508N  Ship Propulsion System 3 48,369 52,889 41,515 U
4 0602121N Surface Ship Technology 2 43,430 55,456 43,786 U
3 0602111N Surface/Aerospace Surv. & Weapons Technology 2 22,886 40,823 37,616 U
12 0602314N Undersea Surv. & Weapons Technology 2 39,758 49,710 51,406 ]
(R2/R3 Materials provided in Classified Budget Book)
26 0603747N Undersea Warfare Advanced Technology 3 44,548 57,341 57,956 U
(R2/R3 Materials provided in Classified Budget Book)
15 0602633N  Undersea Warfare Weapon Technology 2 28,726 39,717 34,066 U

(R2/R3 Materials provided in Classified Budget Book)

Total Science and Technolgoy (S&T)

Page 2

1,317,420 1,521,476 1,420,140



Comparison of FY 1998 Financing as reflected
in FY 1999 Budget with 1998 Financing as
Shown in the FY 2000 Budget

($ In Thousands)

Financing per Financing Per Increase (+) or
FY 1999 Budget FY 2000 Budget Decrease (-)
Program Requirements (Service Account) 7,879,912 7,887,810 +7,898
Program Requirements (Reimbursable) 110,000 163,008 +53,008
Appropriation (Adjusted) 7,989,912 8,050,818 +60,906

Explanation of Changes in Financing
($ in Thousands)

The Fiscal Year 1998 program has changed since the presentation of the FY 1999 budget as noted below:

1. Program Requirements (Total). There has been a net increase to the appropriation (adjusted) of +$60,906 as a result
of changes in program requirements as noted below.

2. Program Requirements (Service Account). There has been a net increase to the appropriation (adjusted) of +$7,898,
resulting from various changes in program requirements. These changes included recissions reflected in the FY 99 DoD
Appropriations Act (-$20,500), Line Item Veto Restorals (+$6,000), and other Congressional Actions (-$8,000). A number
of Internal Reprogrammings were effected which reclassified funding between DoN appropriations to more properly align
them into the correct programs for execution: Medical Research Projects (-$7,278), Tactical Tomahawk (+$19,600),
PMRF Sensors (-$4,852), F/A-18 (-$14,855), and ASW Combat System Integration (+$5,861). Additionally, other
transfers included Overseas Contingency Operations (+$7,500) and Counterdrug Operations (+$15,613).

3. Program Requirements (Reimbursable). There has been a net increase to the appropriation of $53,008, as a result of
changes in reimbursable program requirements.
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Comparison of FY 1998 Program Requirements as reflected
in the FY 1999 Budget with FY 1998 Program Requirements
as shown in the FY 2000 Budget

Summary of Requirements ($ in Thousands)

Total Program Total Program
Requirements per FY 1999 Requirements per FY 2000 Increase (+) or
Budget Budget Decrease (-)
01 — Basic Research 338,743 331,444 -7,299
02 — Applied Research 493,622 467,359 -26,263
03 — Advanced Technology Development 514,781 518,617 +3,836
04 — Demonstration and Validation (DEM/VAL) 2,219,002 2,222,171 +3,169
05 — Engineering and Manufacturing Development 2,227,348 2,153,289 -74,059
(EMD)
06 — RDTE Management Support 551,033 677,567 +126,534
07 — Operational Systems Development 1,535,383 1,517,363 -18,020
Total Fiscal Year Program 7,879,912 7,887,810 +7,898

Explanation by Budget Activity
($ in Thousands)

01. Basic Research (-$7,299) - Changes to this budget activity resulted from a transfer to support the Small Business
Innovative Research (SBIR) program (-$6,086) and other changes in program requirements which required minor
reprogrammings (-$1,213).

02. Applied Research (-$26,263) - Changes to this budget activity resulted from a transfer to support the Small Business
Innovative Research (SBIR) program (-$8,125), other changes in program requirements which required minor
reprogrammings (-$21,118) and the override by Congress of a line item veto for Terfenol-D (+$3,000).
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03. Advanced Technology Development (+$3,836) - Changes to this budget activity resulted from a transfer to support
the Small Business Innovative Research (SBIR) program (-$3,897), other changes in program requirements which
required minor reprogrammings (-$12,011), the override of a line item veto for COTS Airguns (+$3,000), and the transfer
of Medical Research program funds to the Army (-$7,278).

04. Demonstration and Validation (DEM/VAL) (+$3,169) - Changes to this budget activity resulted from a transfer to
support the Small Business Innovative Research (SBIR) program (-$29,846), reductions reflected on the FY 1999 DoD
Appropriations Act Rescission for VECTOR (-$3,000), and other changes in program requirements which required minor
reprogrammings, budget activity realignments and accounting updates (+$36,015).

05. Engineering and Manufacturing Development (EMD) (-$74,059) - Changes to this budget activity resulted from a
transfer to support the Small Business Innovative Research (SBIR) program (-$56,113), transfers to support the
Counterdrug Program (+$15,613), other changes in program requirements which required minor reprogrammings, budget
activity realignments and accounting updates (-$26,019), a transfer to Defense Health Program and the Boy Scouts per a
Congressional Supplemental (-$5,000) and Federal Technology (-$40), and a FY 1999 DoD Appropriation Act rescissions
for Lightweight Torpedo (-$1,500) and Navigation/ID Systems (-$1,000).

06. RDTE Management Support (+$126,534) - Changes to this budget activity resulted from a transfer to support the
Small Business Innovative Research (SBIR) program (+$120,551), other changes in program requirements which
required minor reprogrammings, budget activity realignments and accounting updates (+$5,747) and a transfer for
Federal Technology (+$236).

07. Operational Systems Development (-$18,020) - Changes to this budget activity resulted from a transfer to support the
Small Business Innovative Research (SBIR) program (-$16,484), other changes in program requirements which required
minor reprogrammings, budget activity realignments and accounting updates (-$14,697), and transfers and major
reprogrammings for Overseas Contingency Operations (+$7,500), PMRF Sensors (-$4,852), Tactical Tomahawk
(+$19,600), Surface ASW Combat Integration (+$5,861), F/A-18 (-$14,855), and Federal Technology Transfer (-$93).
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Comparison of FY 1999 Financing as reflected
in FY 1999 Budget with 1999 Financing as
Shown in the FY 2000 Budget

($ In Thousands)

Financing per Financing Per Increase (+) or
FY 1999 Budget FY 2000 Budget Decrease (-)
Program Requirements (Service Account) 8,108,923 8,660,809 +551,886
Program Requirements (Reimbursable) 110,000 150,000 +40,000
Appropriation (Adjusted) 8,218,923 8,810,809 +591,886

Explanation of Changes in Financing
($ in Thousands)

The Fiscal Year 1999 program has changed since the presentation of the FY 2000 budget as noted below:

1. Program Requirements (Total). There has been a net increase to the appropriation (adjusted) of +$591,886, as a
result of changes in program requirements as noted below.

2. Program Requirements (Service Account). There has been a net increase to the appropriation (adjusted) of
+$551,886, resulting from changes in program requirements as a result of Congressional appropriation changes in the
FY 1999 DoD Appropriations Act. These changes included: an undistributed reduction for Federally Financed Research
and Development Centers (FFRDC)(-$4,264)(Section 8034), an undistributed reduction for Contract Advisory and
Assistance Services (CAAS)(-$50,000)(Section 8054), a general reduction for revised economic assumptions (lower
inflation rate)(-$20,000)(Section 8108), and a general undistributed reduction for civilian personnel underexecution
(-$5,000). Specific FY 1999 Congressional adjustments (to start, continue, discontinue, reduce or earmark 177 specific
initiatives, including transfers) resulted in a net increase of +$584,726. Also, appropriation changes include the following
reprogrammings, which require Congressional prior approval: ASW & Other Helo Development (CH-60) (+$9,352);
Surface and Shallow Water Mines (+$8,980); Combat Systems Integration (+$12,526); Ship Self Defense (+12,672);
partially financed by a reduction to Depot Maintenance (-$11,006). Additionally, FY 1999 includes a transfer for the
USACOM Joint Experiments program (+$15,900), managed by the Navy as DoD executive agent.
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3. Program Requirements (Reimbursable). There has been a net increase to the appropriation of +$40,000, as a result
of changes in reimbursable program requirements (+$40,000).
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Comparison of FY 1999 Program Requirements as reflected
in the FY 1999 Budget with FY 1999 Program Requirements
as shown in the FY 2000 Budget

Summary of Requirements ($ in Thousands)

Total Program Total Program
Requirements per FY 1999 Requirements per FY 2000 Increase (+) or
Budget Budget Decrease (-)
01 — Basic Research 362,679 361,499 -1,180
02 — Applied Research 524,723 566,801 +42,078
03 — Advanced Technology Development 460,725 593,176 +132,451
04 — Demonstration and Validation (DEM/VAL) 2,358,359 2,408,520 +50,161
05 — Engineering and Manufacturing Development 2,063,281 2,199,737 +136,456
(EMD)
06 — RDTE Management Support 616,973 598,664 -18,309
07 — Operational Systems Development 1,722,183 1,932,412 +210,229
Total Fiscal Year Program 8,108,923 8,660,809 +551,886

Explanation by Budget Activity
($ in Thousands)

01. Basic Research (-$1,180) - Changes to this budget activity resulted from the following Congressional undistributed
reductions reflected in the FY 1999 DoD Appropriations Act. These changes included: an undistributed reduction for
Federally Financed Research and Development Centers (FFRDC)(-$7)(Section 8034), an undistributed reduction for
civilian personnel underexecution (-$338), and a general reduction for revised economic assumptions (lower inflation
rate)(-$835)(Section 8108).

02. Applied Research (+$42,078) - Changes to this budget activity resulted from the following Congressional
undistributed reductions reflected in the FY 1999 DoD Appropriations Act. These changes included: an undistributed
reduction for Federally Financed Research and Development Centers (FFRDC)(-$130)(Section 8034), an undistributed
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reduction for Contract Advisory and Assistance Services (CAAS)(-$1,755)(Section 8054), an undistributed reduction for
civilian personnel underexecution (-$724), and a general reduction for revised economic assumptions (lower inflation
rate)(-$1,313)(Section 8108). Specific FY 1999 Congressional adjustments (to start, continue, discontinue, reduce or
earmark 31 specific initiatives, including transfers) resulted in a net increase of +$46,000.

03. Advanced Technology Development (+$132,451) - Changes to this budget activity resulted from the following
Congressional undistributed reductions reflected in the FY 1999 DoD Appropriations Act. These changes included: an
undistributed reduction for Federally Financed Research and Development Centers (FFRDC)(-$146)(Section 8034), an
undistributed reduction for Contract Advisory and Assistance Services (CAAS)(-$1,571)(Section 8054), an undistributed
reduction for civilian personnel underexecution (-$516), and a general reduction for revised economic assumptions (lower
inflation rate)(-$1,316)(Section 8108). Specific FY 1999 Congressional adjustments (to start, continue, discontinue,
reduce or earmark 33 specific initiatives, including transfers) resulted in a net increase of +$113,100. Additionally,

FY 1999 includes a transfer for the USACOM Joint Experiments program (+$15,900), managed by the Navy as DoD
executive agent. Last, the FY 1999 program is increased by +$7,000 to fully fund the VECTOR program.

04. Demonstration and Validation (DEM/VAL) (+$50,161) - Changes to this budget activity resulted from the following
Congressional undistributed reductions reflected in the FY 1999 DoD Appropriations Act. These changes included: an
undistributed reduction for Federally Financed Research and Development Centers (FFRDC)(-$1,228)(Section 8034), an
undistributed reduction for Contract Advisory and Assistance Services (CAAS)(-$5,650)(Section 8054), an undistributed
reduction for civilian personnel underexecution (-$1,234), and a general reduction for revised economic assumptions
(lower inflation rate)(-$5,550)(Section 8108). Specific FY 1999 Congressional adjustments (to start, continue, discontinue,
reduce or earmark 46 specific initiatives, including transfers) resulted in a net increase of +$55,101. Also, appropriation
changes include the following reprogrammings, which require Congressional prior approval: Surface and Shallow Water
Mines (+$8,980); Combat Systems Integration (+$12,526); and CEC (+15,000); partially financed by a reduction to Gun
Weapons Systems Technology (-$11,301) and Hardened Target Munitions (-$9,827). Additionally, changes in program
requirements required minor reprogrammings (-$6,656).

05. Engineering and Manufacturing Development (EMD) (+$136,456) - Changes to this budget activity resulted from the
following Congressional undistributed reductions reflected in the FY 1999 DoD Appropriations Act. These changes
included: an undistributed reduction for Federally Financed Research and Development Centers (FFRDC)(-$151)
(Section 8034), an undistributed reduction for Contract Advisory and Assistance Services (CAAS)(-$23,648)(Section
8054), an undistributed reduction for civilian personnel underexecution (-$878) and a general reduction for revised
economic assumptions (lower inflation rate) (-$5,065)(Section 8108). Specific FY 1999 Congressional adjustments (to
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start, continue, discontinue, reduce or earmark 41 specific initiatives, including transfers) resulted in a net increase of
+$136,979. Also, appropriation changes include the following reprogrammings, which require Congressional prior
approval: AEGIS Combat System Improvements (-$5,050); AEGIS Combat Systems Engineering (+$24,300); AV-8B
Aircraft (Engineering) (-$9,615); ASW and Other Helo Developments (+$9,352); and Ship Self-Defense (+$12,672).
Additionally, changes in program requirements required minor reprogrammings (-$1,440).

06. RDTE Management Support (-$18,309) - Changes to this budget activity resulted from the following Congressional
undistributed reductions reflected in the FY 1999 DoD Appropriations Act. These changes included: an undistributed
reduction for Federally Financed Research and Development Centers (FFRDC)(-$2,292)(Section 8034), an undistributed
reduction for Contract Advisory and Assistance Services (CAAS)(-$3,338)(Section 8054), an undistributed reduction for
civilian personnel underexecution (-$485) and a general reduction for revised economic assumptions (lower inflation
rate)(-$1,394)(Section 8108). Specific FY 1999 Congressional adjustments (to start, continue, discontinue, reduce or
earmark 10 specific initiatives, including transfers) resulted in a net decrease of -$10,800.

07. Operational Systems Development (+$210,229) - Changes to this budget activity resulted from the following
Congressional undistributed reductions reflected in the FY 1999 DoD Appropriations Act. These changes included: an
undistributed reduction for Federally Financed Research and Development Centers (FFRDC)(-$310)(Section 8034), an
undistributed reduction for Contract Advisory and Assistance Services (CAAS)(-$14,038)(Section 8054), an undistributed
reduction for civilian personnel underexecution (-$825) and a general reduction for revised economic assumptions (lower
inflation rate)(-$4,527)(Section 8108). Specific FY 1999 Congressional adjustments (to start, continue, discontinue,
reduce or earmark 27 specific initiatives, including transfers) resulted in a net increase of +$243,346. Also, appropriation
changes include the following reprogrammings, which require Congressional prior approval: Depot Maintenance -$10,922.
Additionally, changes in program requirements required minor reprogrammings (-$2,495).
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UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIVITY: 1 PROGRAM ELEMENT: 0601152N
PROGRAM ELEMENT TI TLE: 1 n-House Laboratory | ndependent Research

(U COsT: (Dollars in Thousands)

PRQIECT

NUVBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TI TLE ACTUAL ESTI MVATE  ESTI MATE  ESTI MATE  ESTI MATE ESTI MATE ESTI MATE  ESTI MATE COWLETE PROGRAM
Ccean Sci ences 531 586 786 821 1, 002 1, 038 1, 242 1,274 CONT. CONT.
Advanced Material s 1,725 1, 760 2,202 2,300 2,504 2,595 2,838 2,911 CONT. CONT.

I nf ormati on 1, 061 1,173 1, 886 2,301 2,672 3,115 3, 550 3,640 CONT. CONT.
Sci ences

Sust ai ni ng 9,951 11, 144 10, 756 10, 999 10, 519 10, 553 10, 113 10, 373 CONT. CONT.

Pr ogr ans

TOTAL 13, 268 14, 663 15, 630 16, 421 16, 697 17, 301 17, 743 18, 198

A. (U M SSION DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON:  This program supports the missions of the Naval Warfare Centers,
Naval Personnel Research and Devel opment Center (NPRDC), and Bureau of Medicine and Surgery (BUMVED) with high-risk/high-payoff
research, responding as shown bel ow to the Departnment of the Navy (DON) Joint M ssion Areas/Support Areas (JMA SA) and enabling
the technol ogies that could significantly inprove Joint Chiefs of Staff’'s Future Joint Warfighting Capabilities. The research
addresses fundamental questions regarding existing and anticipated naval systens, and is supported within the Ofice of Naval
Research (ONR) by thrusts in Ocean Sciences, Advanced Materials, Information Sciences, and its Sustaining Prograns. This program
reflects the integration of efforts both within Warfare Centers, NPRDC, BUMED, and ambng ot her research perforners. Research
efforts are proposed and sel ected by the Warfare Centers, NPRDC, and BUMED, and reviewed after the fact for the quality of

sci ence produced and for rel evance to the naval m ssion.

(U This programresponds to the Littoral Warfare JMA through ocean sciences research into the variability of the marine
envi ronment, such as acoustic shallow water (SW nodel s that incorporate wave-breaki ng sources, allow ng superior signal

R-1 Line Item1
Budget Item Justification
(Exhibit R-2, page 1 of 6)
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UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIVITY: 1 PROGRAM ELEMENT: 0601152N
PROGRAM ELEMENT TI TLE: 1 n-House Laboratory | ndependent Research

processing in SWenvironments. Research advancing fundamental understandi ng of DON-essential nmaterials and processes responds to
operational capability requirenents in the Strategic Mbility JMA, such as the recent devel opnent of an al um num based, netal -
matri x, high-tenperature superconducting material that can be extruded into wires for significantly inproved naval electrica
power systens. The programresponds to the Intelligence, Surveillance, Reconnaissance JMA through thrusts in infornation
sciences that address naval -rel evant computing applications including software engi neering, high performance conputi ng,

artificial intelligence, and the use of conputers in nmanufacturing. For exanple, the devel opnent of an advanced signha

processing technique for the analysis of real Anti-Submarine Warfare (ASW broadband acoustic data provides detection

per formance, which exceeds the conventional energy detector in high noise ASWapplications. Research in other areas supports
requi renents of the Readi ness JMA, such as discovering redox chemcals for use in "smart" coatings, which alter col or when
degraded and serve as early warning systens for corrosion of naval systens.

(U Due to the sheer volune of efforts included in this programel enent, the prograns described in the Acconplishnents and
Pl ans sections are representative selections of the work included in this program el ement.

The DoN Sci ence and Technol ogy (S&T) programincludes projects that focus on or have attributes that enhance the
affordability of warfighting systens.

(U JUSTI FI CATI ON FOR BUDCGET ACTIVITY: This programis funded under BASI C RESEARCH because it enconpasses scientific study
and experinentation directed towards increasing know edge and understanding in broad fields directly related to long-term DoN
needs.

(U PROGRAM ACCOVPLI SHVENTS AND PLANS:

1. (U FY 1998 ACCOVWPLI SHVENTS:

. (U ($531) Ccean Sciences responded to the Littoral Warfare JMA in the undersea battl espace domi nance area by
studyi ng techni ques for the near optinum detection of unknown signals and fluid-elastic interface nodeling, both of
whi ch enhanced sonar performance in shal |l ow water.

R-1 Line Item1
Budget Item Justification
(Exhibit R-2, page 2 of 6)
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UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIMVITY: 1 PROGRAM ELEMENT: 0601152N

PROGRAM ELEMENT TI TLE: 1 n-House Laboratory | ndependent Research

(U ($1,725) Advanced Materials responded to the Littoral Warfare JMA in the undersea battl espace donmi nance area by
nol ecul ar nmodel i ng of new sonar transducer materials and the use of tessellation theory to design efficient multi-
el enment transducers.

(U (%$1,061) Information Sciences responded to the Littoral Warfare JMA by formul ati ng new concepts and al gorithns
to fuse data collected fromnultiple sensor platforms deployed in the shall ow water environnment for the purpose of
envi ronnent al mapping and classification/identification of bottomtargets.

(U (9%9,951) Sustaining Prograns responded to the Strategic Mbility JMA the Conmand, Control, Conmunications
JMA, and Strike JMA by investigating: (1) drag reducing hull forms; (2) inproved maneuvering perfornance of ships
and subs in littoral waters; (3) new types of opto-electrical conmponents for use in conmunications systens; (4)
enhanced capabilities in conputational fluid dynamics for the inproved efficiency, maintainability, and reliability
of naval propul sors and turbomachi nery, and contributing to the detection of wake signatures. Sustaining Prograns
al so responded to the readiness JMA with research into training nmethods and materials and i nto di sease prevention
and casualty care

2. (U FY 1999 PLAN:

(U ($586) Ccean Sciences will respond to the Littoral Warfare JVMA by investigating physical mechani sns for

deposi tion of high energy acoustic or seismc pulses on elastic objects deployed on or in the bottomof a shall ow
wat er ocean environment.

(U (%1,760) Advanced Materials will respond to the Strike and Littoral Warfare JMAs by studying energetic

mat eri al s usi ng nanosi ze fuels and high heat of reaction internmetallic ingredients to enhance warhead perfornance;
by synt hesi zi ng hi gh perfornmance, insensitive explosive ingredients (based on principles of nolecular charge

del ocal i zati on and graphitic-like crystal structures) for penetrator applications; by studying the dynam c shock
wave properties of warhead materials to support the nodeling and design of warheads; and by devel opi ng equations of
state and reaction rate nodels for use in hydrodynam c code nodel i ng of warheads.

(U (%1,173) Information Sciences statistical analyses will reduce the conplexities of signals and of the
algorithms for signal processing to advance the capability for electronic warfare and el ectroni c countermnmeasures in
Strike and Intelligence, Surveillance, and Reconnai ssance JMA, with enhanced detection probability and di m ni shed
tracking time in cluttered environments and in the presence of fal se targets.

R-1 Line Item1
Budget Item Justification
(Exhibit R-2, page 3 of 6)
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UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIMVITY: 1 PROGRAM ELEMENT: 0601152N

3. (VY

PROGRAM ELEMENT TI TLE: 1 n-House Laboratory | ndependent Research

(U ($11,144) sustaining Prograns will respond to the Strike and Command, Control, Communications, Conmputers and
Information Warfare JMAs by investigating the three-di mensional effects of |oss nechanisns in non-ideal, thin-film
i ntegrated wavegui de structures for opto-electronic applications, and will respond to the readiness JVA with
research focused on the nedical areas of Aviation Medicine, Diving and Submarine Medicine, Toxicol ogy, Human
Per f ormance, Infectious D sease, and Conbat Casualty Care.

FY 2000 PLAN:

(U) ($786) Ocean Sciences will respond to the Littoral JMA, to the Air and Sea Superiority JMA, and to the Strike
JMA by investigating acoustical propagation with application in nine counternmeasures, underwater acoustic

communi cati ons, and underwater target detection.

(U (%2,202) Advanced Materials will respond to: (1) The Readi ness JMA by investigating naterial corrosion
reduction and coatings; (2) the Strike JMA and the Sea and Air Superiority JVMA by investigating energetic
materials; (3) the Strike JMA, the Littoral JMA, and the Strategic Sealift JVMA through research into new types of
structural and electronic materials.

(U (%1,886) Information Sciences will respond to the Joint Surveillance JMA, the Strike JMA, the Littoral JMA
the Sea and Air Superiority JMA, and the EWJMA through research into network controls and security, displays,
and advanced met hods in digital signal processing.

(U) ($10,756) Sustaining Programs will respond to the EWJMA through research into: (1) the el ectronagnetic
response of materials, and (2) sensors. It will respond to the Strategic Mbility JVMA through research into ways
to inmprove the protection of the assets by inproved defensive warheads. It will respond to the readi ness JMA with
medi cal research in the areas of Aviation Medicine, Dving and Submari ne Medici ne, Toxicol ogy, Human Performance,
I nfectious Di sease, and Conbat Casualty Care.

B. (U PROGRAM CHANGE SUMVARY:

R-1 Line Item1
Budget Item Justification
(Exhibit R-2, page 4 of 6)

UNCLASSIFIED



UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET

BUDGET ACTIMVITY: 1 PROGRAM ELEMENT: 0601152N

DATE: February 1999

PROGRAM ELEMENT TI TLE: 1 n-House Laboratory | ndependent Research

FY 1998 FY 1999 FY 2000

(U) FY 1999 President’s Budget: 14,248 14,734 15,680

(U) Appropriated Value: 14,734 0

(U) Adjustments from FY 2000 PRESBUDG: -980 -71 -50

(U) FY 2000 PRESBUDG Submission: 13,268 14,663 15,630

(U) CHANGE SUMMARY EXPLANATION:

(U) Funding: FY 1998 adjustments reflect Actual Update adjustments (-$980). FY 1999 adjustments reflect Congressional

Undistributed Reductions (-$71). FY 2000 adjustments reflect Navy Working Capital Fund (NWCF) rate adjustment (+$125);

Non Pay Inflation adjustment (-$227); Civilian Pay Rates adjustment (+$110); and Minor adjustment (-$58).

(U) Schedule: Not applicable.
(U) Technical: Not applicable.
C. (U) OTHER PROGRAM FUNDING SUMMARY: Not applicable.
(V) RELATED RDT&E:

(U) PE 0601101A (In-House Laboratory Independent Research)

(U) PE 0601101F (In-House Laboratory Independent Research)

(U) PE 0601153N (Defense Research Sciences)

(U) PE 0602111N (Air and Surface Launched Weapons Technology)
(U) PE 0602234N (Materials, Electronic & Computer Technology)

(U) PE 0602314N (Undersea Surveillance and Weapons Technology)

R-1 Line Item1

UNCLASSIFIED
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIVITY: 1 PROGRAM ELEMENT: 0601152N
PROGRAM ELEMENT TI TLE: 1 n-House Laboratory | ndependent Research

D. (U SCHEDULE PRCFILE: Not applicable.
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PROGRAM ELEMENT TI TLE: Defense Research Sci ences

(U COST: (Dollars in Thousands)

PRQIECT NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TI TLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVWLETE PROGRAM
Ccean Sci ences 126, 061 138, 576 144, 282 149, 851 150, 747 153, 662 157, 168 160, 788 CONT. CONT.
Advanced Materials 54, 655 59, 881 62, 875 66, 019 67, 009 68, 349 69, 716 71, 110 CONT. CONT.

| nf or mati on 40, 194 45,100 47, 355 49,723 50, 469 51, 983 53, 542 55, 148 CONT. CONT.
Sci ences

Sust ai ni ng Prograns 97, 266 103, 279 106, 606 109, 463 109, 073 110, 599 112, 943 115, 384 CONT. CONT.
TOTAL 318,176 346, 836 361, 118 375, 056 377, 298 384, 593 393, 369 402, 430 CONT. CONT.

A, (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  This program sustains U S. naval scientific and technol ogical
superiority, provides new concepts and technol ogi cal options for the mai ntenance of naval power and national security, and
provi des the neans to avoid scientific surprise, while exploiting scientific breakthroughs. The programresponds to the

sci ence and technol ogy (S&T) requirenents fromthe Departnent of the Navy (DON) Joint M ssion Areas/Joint Support Areas

(JMN SA) and enabl es the technol ogies that could significantly inprove Joint Chiefs of Staff’'s Future Joint Warfighting
Capabilities. It also seeks to exploit new science opportunities relevant to long termnaval requirenments. The Ofice of
Naval Research (ONR) responds to requirenments through major research thrusts in Ccean Sci ences, Advanced Materials,
Information Sciences, and the Sustaining Programs. These efforts are part of an integrated DON S&T process initiated in 1993.

(U This programresponds to the Strike JMA through research leading to better structural materials to increase platform
survivability; automated target recognition algorithns to inprove identification of friend or foe (IFF), and to help inprove
real -tine targeting under canoufl age conditions; and physics and chenistry foundations for inproved nultispectral, all-weather

R-1 Line Item 2
Budget Item Justification
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BUDGET ACTIVITY: 1 PROGRAM ELEMENT: 0601153N
PROGRAM ELEMENT TI TLE: Defense Research Sci ences

sensors and el ectronics. Responses to the Innovation in Naval Warfare/Engagement and Littoral Warfare JMAs, which cover
forward operations in high-threat coastal regions, involve know edge of near-shore ocean and atnospheric circulation, renote
sensi ng, acoustics, and optical transmission to inprove mne detection and renoval, special operations capabilities and
submari ne detection; novel structural materials for better ship damage tol erance; data fusion research to integrate
environnental prediction products into Conmand, Control, Comrunications, Conputers & Information Warfare (C4/IW systens; and
new concepts in batteries and propellants for inproved torpedo performance. The programresponds to requirenents in the
Intelligence/Surveillance/ Reconnai ssance JMA with research into advanced naterials for inproved sensors and el ectronics;
better signal processing for automated target recognition allow ng rapid ship self-defense and identifying rel ocatable
targets; ocean and atnmospheric properties, allow ng sensors to operate nore effectively under highly variable (battl espace)
environnent al conditions; and network and data studies to address real-tine, all-weather surveillance and targeting, with
short revisit times using multiple high capacity data |links. Research into inmproved aerodynam ¢ shapes for high endurance
surveill ance responds directly to a requirenent of the Nuclear Deterrence Counterproliferation of Wapons of Mass Destruction
(NDC/ WD) JMA. Research in response to the Readi ness and Support/Infrastructure SAs includes devel opi ng know edge of
acoustic/ boundary interactions for inproved navigation capabilities in poorly charted areas; exploring |longer service life
materials for reduced |ogistics; and investigating chem cal and biol ogical processes for clean handling of shipboard waste.
Finally, cognitive research leading to nore efficient and cost-effective training, to nore user-conpatibl e decision support
systens, and to principles for the design of reconfigurable command and control structures responds to the Manpower &

Per sonnel and Trai ni ng SAs.

(U Programresponse to affordability requirenments includes research on condition based mai nt enance, enbedded trai ning,
manuf acturing science, antifouling coatings, advanced materials and coatings, biosensors, and el ectro-optical and
mul ti functional electronic devices and concepts that promise to greatly sinplify future undersea surveillance arrays and
radar systens while reducing life cycle cost.

(U Due to the sheer volune of efforts included in this program el enent, the prograns described in the Acconplishnments
and Pl ans sections are representative selections of the work included in this program el ement.

R-1 Line Item 2
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(U The Navy S&T programincludes projects that focus on or have attributes that enhance the affordability of warfighting
syst ens.

(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis funded under Basic Research because it enconpasses scientific
study and experinmentation directed toward increasing know edge and understanding in broad fields directly related to long-term

DON needs.

R-1 Line Item 2
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(U PROGRAM ACCOWPLI SHVENTS AND PLANS:
(U FY 1998 ACCOWVPLI SHVENTS:

* (U (%$126,061) Ocean Sciences responded to Littoral Warfare requirements by undertaki ng experinents to identify
and understand processes unique to nmargi nal and seni-enclosed seas (e.g., Red Sea, Mediterranean, Okhsotsk, and
Persian Gulf) to support higher resolution environnental nowcasts/forecasts, inproved mine drift prediction, and
i mproved acoustic/ nonacoustic anti submarine warfare environmental information; and by continuing devel opnent of
advanced nodel s coupled to renote sensor observations for higher resolution, inproved coastal waves prediction.

e (U) (%54,655) Advanced Materials responded to Innovation in Naval Warfare/ Engagenent requirenents through
investigations into inproved materials for airfranes and radones; and to requirenments for Support/Infrastructure
SA through exploration of thermal spray nanoscal e coatings for wear, corrosion, and thermal barrier applications.
Refl ects Congressional plus-up for Ml ecular Design Institute ($8M.

e (U (%40,194) Information Sciences responded to Strike requirenents through investigation of HInfinity waves
| eading to i nproved conputational nodels for increased efficiency of shipboard el ectromagnetics (EM design,
increased efficiency of shipboard EM systems, and reduction/control of ship’s EM signature. It responded to
Strategic Mobility through development of mathematical and computational tools for analysis, estimation, and
prediction of oceanographic and meterological environmental conditions on the regional scale.

* (V) ($97,266) Sustaining Programs responded to Strike requirements by investigating techniques for radio frequency
(RF) clutter suppression for ship defense and missile seekers, and multi-spectral sensors/data fusion in support
of avionics and weapons. They responded to C4/IW requirements through exploring potentially simpler and more
robust spin-injected electron devices for: magnetic sensors and magneto-optics; non-volatile memory for
satellites, missiles, and mobile communication units; high-speed, low-power switches; low-power digital
electronics such as memory elements; and phased-array radar antenna elements.

(U) FY 1999 PLAN:

R-1 Line Item 2
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* (U ($138,576) Ccean Sciences will respond to Intelligence/Surveillance/ Reconnai ssance requirenments through
investigating predictability in the ocean and atnosphere, exam ning sensitivities to initial and boundary
conditions in order to devel op inproved strategies for targeting observations from depl oyabl e sensor systens; and
to Strike requirenents through continuing bi odynam ¢ sensing/ processing effort using signals fromtwo precisely
| ocated sensors to inprove detection/classification/localization of submarines with | ow no Doppler effects.

e (U (%$59,881) Advanced Materials will respond to Support/Infrastructure SA requirenments through new understandi ng
of affordabl e conposite technol ogy for naval structures gained from exploration of nethods to characterize
conposites for their use in various designs; and through sub-grid nodeling to characterize snall scale structura

phenonena | eading to new nmaterial properties. It will respond to Strike requirements through continued studies of
i nproved energetic materials to achieve higher lethality with reduced wei ght.
e (U (%$45,100) Information Sciences will respond to Strike requirenents by exploring adaptive non-linear contro

for integrated flight propul sion avionics, and to Support/Infrastructure SA requirenments by investigating the
applications of chaos theory to nonlinear control of cranes, and tools for adaptive intelligent systens, such as
aut ononmous agents and unnmanned vehi cl es.

* (U (%$97,497) Sustaining Prograns will respond to Support/Infrastructure requirenents through hybrid nodeling
anal ysis of genetic logic to yield control of shipboard processes, including bioreactors/biomaterials and
(responding al so to NDC/WWD requirenents) rapid, rational identification of nolecular targets for therapeutic
i nterventions against old and new cheni cal biol ogical defense (CBD) agents.

e (U (9%$5,782) Portion of extramural programreserved for Small Business Innovation Research assessnent in
accordance with 15 USC 638.

(U  FY 2000 PLAN:

e (U (9%$144,282) Ccean Sciences will respond to Littoral Warfare requirenents by devel oping nore reliable coasta
predictive nodels for battl espace environments, evaluating the |inkages of snmall scale to | arge scal e oceanic
processes, and exploring environnentally adaptive systens for quantifying the role of the environment on ship
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systens in order to inprove the probability of success of nmilitary operations conducted from coastal regions of
the sea. It will also respond to Sea & Air Superiority requirements by exploring in-situ neasurenment and sonar
adaptation to specific environments for significantly inproved ASW perfornmance, autonatic target recognition

met hods for ultra-low false alarmrate periscope detection radar, wake detection sensors, and theater-level data
fusion for cooperative ASW

(U) (%$62,875) Advanced Materials will respond to Sea & Air Superiority requirenents by devel oping | ow signature
materials for autononous robotic systens supporting Naval Special Warfare and Expl osi ve Ordnance Di sposal, and
uni que biomaterials for inproved infrared (I R)/acoustic sensors. It will respond to C4/1Wthrough advanced

l'i thography, w de bandgap heterojunctions, and |arge area, w de bandgap materials for nultifunctional w de
bandwi dth systens with high linearity, efficiency and power.

(U) (%47,355) Information Sciences will respond to Intelligence/Surveill ance/ Reconnai ssance requirenments by
seeking the theoretical basis for high-performance nman-machine multi-node nmulti-nedia interface sem -autononpus
systens for decision aids, optinmal nanagenent of dynamic tactical and conputer networks, and nethods for autonated
defensive information warfare. It will respond to Support/Infrastructure SA requirenments by research on virtua
sensors and battery charger analyzer for inproved mai ntenance, diagnostics and testing of naval nachinery.

(U) (%$106, 606) Sustaining Prograns will respond to Sea & Air Superiority requirements by exploring integrated ship
propul si on concepts for higher hydrodynam c efficiency, prediction nodels of danaged ship notions/loads for damage
control and inproved maneuveri ng/ seakeepi ng, and by devel opi ng active and passive signature control concepts with
conpati bl e shock reduction technol ogy and reduced wei ght, volune and cost inpact for submarines. They wll
respond to Strike requirenments by exploring new concepts for torpedo silencing, and by designing hi gh power

thermal systens for half-length and supercavitating weapons propul sion
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B. (U PROGRAM CHANGE SUMMVARY:

FY 1998 FY 1999 FY 2000
FY 1999 President’s Budget 324,495 347,945 364,159
Appropriated Value 347,945
Adjustments from FY 1999 PRESBUDG -6,319 -1,109 -3,041
FY 2000 President’'s Budget Submission 318,176 346,836 361,118

(U) CHANGE SUMMARY EXPLANATION:

(U) Funding: FY 1998 adjustments reflect a Small Business Innovative Research reduction (-$6,086), Federal Technology
Transfer (-$22), and an Actual Update Adjustment (-$211). FY 1999 adjustments reflect Revised Economic Assumptions (-$801),
Civilian Personnel Underexecution (-$301), and FFRDC distribution (-$7). FY 2000 adjustments reflect a Program Balance
Adjustment (-$1,348), a Civilian Pay Rate Adjustment (+$876), a Diesel Fuel Adjustment (-$5), Non Pay Inflation (-$5,220),
and Navy Working Capital Fund Rate adjustment (+2,656).

(U) Schedule: Not applicable.

(U) Technical: Not applicable.

C. (U) OTHER PROGRAM FUNDING SUMMARY: Not applicable.
(U) RELATED RDT&E:
(U) PE 0601102A Defense Research Sciences (Army)

R-1Line Item2
Budget Item Justification
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PE 0601102F
PE 0601152N
PE 0602111N
PE 0602121N
0602122N
PE 0602234N
PE 0602314N
PE 0603207N
PE 0603785N
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m

Activities are coordinated through Defense S&T 6.1 Reliance Scientific Planning G oups.

D. (U SCHEDULE PROFI LE:

UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET

PROGRAM ELEMENT: 0601153N
PROGRAM ELEMENT TI TLE: Defense Research Sci ences

Def ense Research Sciences (Air Force)

I n- House Laboratory | ndependent Research

Air and Surface Launched Weapons Technol ogy

Shi p, Submarine and Logistics Technol ogy

Aircraft Technol ogy

Materi al s, Electronics and Conputer Technol ogy
Undersea Warfare Surveillance Technol ogy

Air/ Ccean Tactical Applications

Conbat Systens Cceanographi ¢ Performance Assessnent

Not appl i cabl e.
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COST: (Dollars in Thousands)

PRQIECT

NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TI TLE ACTUAL ESTI MVATE  ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM
Air & Surface 22, 886 40, 823 37,616 39,572 39, 959 40, 565 41, 541 42, 549 CONT. CONT.
Launched Weapons

Technol ogy

A (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: This program el ement (P.E.) devel ops new and innovative
technol ogi es which will support future weapons systens for surface and air platfornms for Naval Warfare.

(U The Air and Surface Weapons Technol ogy (ASW) program has been devel oped to inplenent a structured weapons

technol ogy programthat will maintain the Naval air and surface weapons capability through the 21* century. The ASWI
program provi des technol ogy traceability by identifying System payoffs and warfighter benefits and the quantitative
goals that will provide those payoffs/benefits. (Objectives, technical challenges, and approaches that will neet the

goals are then identified for each of the four mssion areas. The follow ng paragraphs describe the tine phased
technol ogy goals for each of the four mission areas.

(U Air Superiority: The projects within the ASWI Air Superiority mission area are focused on the achi evement of tine-
phased technol ogy goals for the 2005, 2010, and 2015 time frane, which will reproduce a nunber of technol ogy options for
future air superiority weapons, significantly increase pilot survivability by allowing themto |look first, shoot first,
and kill first, while increasing air superiority weapon affordability. The 2005, 2010, and 2015 technol ogy goal s, which
have been coordinated with N88, are to increase missile flyout range 25% 50% and 100% increase missile average
velocity 10% 20% and 30% increase missile maneuverability 45% 65% and 85% increase weapon |aunch angle 20% 40%
and 60% increase mssile seeker acquisition range 100% 250% and 300% increase seeker off boresight angle 135 degrees
and 180 degrees; increase seeker probability of detect 10% 20% and 30% decrease m ssile payload size 20% 30% and 50%
and increase warhead control accuracy to centroid, inmage centroid, and edge detect. Al inprovenents are relative to the
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Al M 9x and Al M 120C system Work being performed under the Integrated Hi gh Payoff Rocket Propul sion Technol ogy (| HPRPT)
is supporting the achi everrent of the flyout range, average velocity, maneuverability, and weapon | aunch angle goals. As
with the I HPRPT program the ASW programis an integrated Navy/industry program conprised of governnent funded and

i ndustry funded projects. For FY 99 through FY04, the enphasis will be on the achievermrent of the Phase 1 goals. The
technol ogi es devel oped under this task will be transitioned to the Phase 1 air superiority denonstrator, which is funded
under PE0603217N, R0447. After successful denonstration, these technol ogies are available for air superiority or ship-
based defense weapon system denonstration/validation or Engi neering and Manufacturing Devel opnent (EM).

(U Naval Surface Fire Support: The projects within the ASWI Naval Surface Fire Support mssion area are focused on the
achi evenent of tine-phased technol ogy goals for the 2005, 2010, and 2015 tine frane. The achi evenent of these goals will
produce a nunber of technol ogy options for future naval fire support weaponry, significantly inproving the probability of

kill per round as well as the anobunt of sustained call fire while increasing the affordability of future naval fire
weapon systens. The 2005, 2010, and 2015 goal s, which have been coordinated with N86, are increase gun |aunched
projectile flyout range to 70 nm, 150 nm, and 200 nm; increased missile flyout range to 150 nmi, 250 nm, and 350 nm;

achi eve gun projectile flyout times for the range goals of 6 mnutes or less, 14 mnutes or less, and 10 nminutes or |ess;
achieve mssile flyout tines for the range goals of 5 mnutes, 4 nmnutes, and 4 mnutes; increase target ainpoint
accuracy to 10m 1m and 1mfor noving targets; increase payload density to 15% 30% and 45% decrease rounds per Kil
to 3, 1.2(stationary target), and 1.2 (hard target); and devel op i nproved warheads that can: deliver a variety of
subnuni tions, operate in a dual or nultifunction node and, utilize high energy reactive materials for greater

ef fectiveness. All these goals are relative to 1995 state-of-the-art. The projectile range and time of flight goals are
bei ng supported in part by the IHPRPT program The enphasis of the FY99-FY04 programw || be on the achi evenrent of the
Phase 1 (2005) goals. Technol ogies devel oped to support this phase will be transitioned to the phase 1 Land Attack
denonstrator, funded by P.E. 0603217N, R0447. Upon successful denonstration, these technol ogies are available for Nava
Fire Support or Land Attack weapon system denonstration/validation or EMD. As with the | HPRPT program the ASW program
in an integrated Navy/industry programw th tasks being funded and perforned by governnent and industry.

(U Precision Strike: The ASW Precision Strike programis focused on the achi evenent of tinme-phased technol ogy goals for

t he 2005, 2010, and 2015 tine frame. The achi evenent of these goals will produce technol ogy options to allow the
war fi ghter to successfully engage tine critical targets, inprove weapon and platformsurvivability, significantly
i ncrease weapon hard target capability, and significantly increase single shot probability of kill while increasing the
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affordability of future precision strike weapon systens. The 2005, 2010, and 2015 goal s, whi ch have been coordi nat ed
with N88, are to decrease target location error to 8m 1m and 1m increase target/weapon pairing rate to 20/ hr, 100/ hr
and 500/ hr; decrease m ssion planning and optim zation tinme to less than 5 minutes, then to less than 1 m nute; increase
weapon based Automatic Target Recognition (ATR) capability to greater than 90% acquisition in linmted clutter, greater
than 90% acquisition in noderate clutter, and greater than 60% acquisition in heavy clutter; increase average weapon
velocity to M4, M, and MB; increase weapon flyout range 30% 50% and 100% increase hard target penetration by 5x and
7x; and increase seeker G obal Positioning System (GPS) antijamcapability to +10db, +20db, and +30db. All goals are
relative to 1995 state of the art. The weapon velocity and range goals are partially supported by the projects within
the I HPRPT program The enphasis of the FY99-FY04 projects are to achieve the Phase 1 goals. The technol ogi es devel oped
by the funded projects will be transitioned to the Land Attack denonstrator, funded by P.E. 0603217N, R0447. Upon
successful denmonstration, these technologies will be available for Precision Strike or Land Attack weapon system
denonstration/validation or EMD. As with | HPRPT, the ASW programis an integrated Navy/industry programw th work bei ng
funded and perforned by the government and industry.

(U Ship Based Defense: The ASWI Shi p-Based Defense programis focused on the achi evement of tine-phased technol ogy goals
for the 2005, 2010, and 2015 time frame. The achi evenent of these goals w |l produce technology options to significantly
i ncrease the effectiveness and affordability of future ship-based defense weapon systens. The 2005, 2010, 2015 goal s,

whi ch have been coordinated with N86, are to increase the nunber of engagenents per threat to 2-3, 6-7, and 6-7; increase
t he avail abl e command decision time to 15 sec, and 15 seconds in adverse conditions; increase the probability of
catastrophic kill per intercept to 0.6, 0.8, and 0.95; increase the total nunber of targets sinultaneously engagable to
2-4, 4-6, and 6-8; and increase maneuver counter capability to 15gs, 30gs, and 50gs. All goals are relative to 1995
state of the art. The enphasis of the FY99-FY04 projects are on the Phase 1 goals. The technol ogi es devel oped to achi eve
these goals will be transitioned to a ship-based defense technol ogy denponstrator, funded by P.E 0603127N, R0447. Upon
successful denonstration, these technologies will be available for Ship-Based Defense or Air Superiority denonstration/
validation or EMD. The ASW programis an integrated Navy/industry programw th projects being funded and performed by
governnent and industry.

(U Integrated H gh Payoff Rocket Propul sion Technol ogy (I HPRPT): The projects within the | HPRPT program are focused on
t he achi evenent of time-phased technol ogy goals for the 2000, 2005, and 2010 time frane, which will produce a nunber of
rocket propul sion technol ogy options to significantly increase the effectiveness of air superiority, naval fire support,
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and precision strike weapon systens by increasing nmissile range 50% increasing mssile speed 20% which results in
shorter time to target, increased opportunity for shoot-|ook-shoot, allow ng earlier disengagenent of |aunch platforns,
and al |l owi ng greater energy for maneuvering; increasing mssile payload by 100% decreasing propul sion size and wei ght by
25% and doubling the m ssile no-escape zone and | aunch acceptability regions . The 2000, 2005, and 2010 goal s, which
have been coordinated with N86 and N88, and endorsed by DDR&E, are to inprove the propul sion system delivered energy by
3% 7% and 15% inproving motor mass fraction (wthout thrust vector control (TVC)/throttling) 2% 5% 10% and inproving
motor mass fraction (with TVGthrottling) 10% 20% and 30% |HPRPT is an integrated Departnent of Defense

(DoD)/ Nati onal Aeronautics and Space Adm nistration (NASA)/Industry programw th projects being funded and perforned by
governnent and industry.

(U Due to the sheer volume of efforts involved in this P.E., the efforts described in the acconplishnents and pl ans
section are representative selections of the work included in this P.E..

(U These efforts support the Joint Warfare Strategy "Forward...fromthe Sea". Progranms in this P.E. are jointly
pl anned in the Defense Reliance process with the Air Force and Arny.

(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it

i nvestigates technol ogi cal advances with possible applications toward solution of specific naval problens, short of a
maj or devel opnment effort.
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PROGRAM ACCOMPLI SHVENTS AND PLANS:
1. FY 1998 ACCOWPLI SHVENTS:

e (U (5,280) SH P BASED DEFENSE | N SUPPORT OF SURFACE BATTLESPACE: The efforts in Ship Based Defense will
devel op weapons technol ogi es to achi eve m ni rum and maxi mum i nt ercept ranges of 100 nmeters to 3 nm,
decreased reaction tinme of 10 seconds and increased probability of robust kills of 0.3 and O.6.

- (U Initiated:
-- (U) Testing and nmeasurenents for low altitude propagation by renote sensors for sensor adaptation.
-- (U) Low altitude fuze technol ogy assessment using a high power short pulse | aser Target Detection
Device (TDD) for inproved performance in low visibility aerosol and snoke conditions.

- (U Continued:
-- (U Ram Accel erator technol ogy devel opnent experinents at high fill (50 Atm pressure.

- (V) Conpleted:
-- (U Infrared Focal Plan Array (I RFPA) test bed tracker effort by field testing tracker and by

successful ly denpbnstrating non-uniformty signal processing conpensation technique. Submtted and
under review by Naval Sea Systens Command (NAVSEA) for potential transition to Electro Optic (EO
track AN SWY-1 Thernmal |magery Sensor Systens (TISS) and MK-46 EO site. Proposed as an EO tracker
for Theater Ballistic Mssile Defense (TBVMD) application.
-- (U Conformal aperture antenna characterization to be used for wi deband and confornal seeker
t echnol ogy prototype.
-- (U Reactive Material air target warhead technol ogy devel opnent. Transitioned technology to 6.3

Reactive Materials ATD.

. (U ($2,210) Al R SUPER ORI TY:

- (U Initiated:
-- (U Joint technol ogy devel opment effort with the Air Force for next generation air to air nmissile

capabilities. Navy efforts include high-pressure rocket notor and Infrared (I R) seeker perfornmance

i mprovenents.
- (V) Continued:
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(U Radio Frequency (RF) Quidance-integrated Fuse (G F) high range resolution lethality

i nprovenent assessnent.

(U) Devel opnent of insensitive, high performance solid rocket propul sion conponents from screening
of energing energetic materials, scale-up and propellant formulation, through characterization of
subscal e performance.

(U) Propellant formulation investigations started in FY96 with Integrated H gh Payoff Rocket

Propul si on Technol ogy (I HPRPT) Congressional plus-up funding and expanded ingredi ents base to

i ncl ude CL-20 and poly gamma Cycl odectrin Nitrate (CDN).
(U Investigation of ainable ordnance to increase mssile lethality equal to or |ess than 80% of
the current weight/volume of Advanced Medi um Range Air to Air Mssile (AVRAAM warhead. Prioritize
reconmendati ons anmong the fireset, reactive materials and expl osive kills provided.

(U) Conpl et ed:

(U) Dianond dome strength inprovements and polishing efforts.

(U) Aerodynanmi c advanced prediction code devel opment for applications including non-axisynetric
body configurations, nonlinear nodes and core aeroprediction studies. Transition to Aero
Prediction (AP)-98 aero codes for use by industry and governnent.

($2, 180) | HPRPT:

(Y

Initiated:
(U Award on-conmmand pintle thrust magnitude control contract that hel ps achieve the Phase Il goals

of delivered energy and nmass fraction.
(U Award | ow erosion nozzle material contract that investigates nozzle insert materials to neet

Phase Il delivered energy and inproved mass fraction goals.
Awar d dual - novabl e nozzl e throat vector control concepts to nmeet Phase Il nmass fraction with

(
TVC/throttling goals.

U) Conti nued:

(U) Devel op plateau propellant ingredient test matrix to determ ne nost appropriate ingredients for
air-launched m ssiles and devel op candi date propellant formul ations.
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(U) Devel op anmoni um di nitram de (ADN) propellant fornulation test matrix to deternine optinal

fornmul ation for highest delivered energy and processability to meet Phase Il | HPRPT delivered energy
goal s.

(U) Devel op al um num hydride test matrix to determ ne optimal fornulations for highest delivered
energy and processability to neet | HPRPT Phase || delivered energy goals.

(U Sl ow cook-of f nethodol ogy task to devel op a consistent methodol ogy to deternmine the insensitive
nmuniti on conpliance of the devel op | HPRPT Phase Il and Phase |1l propellants.

(U Hydrostatic testing of gun-launched projectile propellant grains and case design to neet |HPRPT
Phase Il nmass fraction goals.

Conpl et ed:

(U) Denonstrate Innovative Vector (INOVEC) flexible nozzle TVC concept, preparing the conmponent for
possi bl e Phase | air-launched notor denonstrator, show ng achi evenent of the Phase inproved mass
fraction goal of 10%

(U Docunmentation for the conbustion instability task, which provides the data for understandi ng of
desi gni ng hi gh-pressure solid propul sion notor which achieve the | HPRPT delivered energy performance
goal s.

e (U ($7,290) STRIKE AND ANTI SURFACE WARFARE (ASUWY WEAPONRY:
- (

(Y

Initiated:

(U) Precision Target Handoff task to denobnstrate precision target coordi nate handoff for both
airborne direct fire control and tactical standoff weapons including unguided and d obal

Posi tioning System (GPS)/Inertial Navigation System (I NS) weapons.

(U Automatic Target Recognition (ATR) performance prediction task to develop a predictive
capability for imagi ng seeker-based ATR systens.

(U Investigate and develop a |low cost MIlineter Wave (MW antenna el enent using Mcro El ectronic
Machi ne System (MEMS) technology that will provide a | ess expensive seeker w th higher angul ar
resol uti on usi ng MMWVradar.

(U Investigate advanced wavel et - based signal processing techniques to reject GPS janmers.
Cont i nued:

R-1 Line Item 3

UNCLASSIFIED

Budget Item Justification
(Exhibit R-2, page 7 of 20)



BUDGET ACTI VI TY:

(Y)
t
(

n
(Y

2

(
ac
)
s

UNCLASSIFIED

FY 2000 PRESBUDG RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

PROGRAM ELEMENT: 0602111N
PROGRAM ELEMENT TI TLE: Air and Surface Launched Wapons Technol ogy

(U) Assessnent of optimized |lifting body airfrane technology for air |launched supersonic strike
weapon applications. WII investigate |lightweight, |ow cost structural design concepts using
conposite materials and | ow cost/|low tenperature materials for high tenperature applications.

(U) Laser Radar (Ladar) performance nodel devel opnent to identify optimal performance in nobile
target engagenents under a variety of background conditions.

(U Tuned ATR extraction and regi stered data base that provides a feature set and algorithnms for
engagi ng the target using Ladar imagery within the constraints of operation (e.g. clutter, weather
etc).

(U) Technol ogy devel opnent in ATR/signal processing to include bio-vision techniques

(U Fuzzy ATR characterization to devel op Ladar seeker ATR algorithnms that inprove uncertainty
managenment using fuzzy |ogic subprocesses. |Inproved noise cl eaning using a context dependent
filter for processing range anomalies.

Conpl et ed:

(U Parallel distributed processing techniques for routing and m ssion planning applications with
transition to P.E. 0603217N, for captive flight test eval uations.

(U Techniques for Land Attack Bonb Damage |ndication (LABDI) and classification devel oped for
hi gh resol ution Synthetic Aperture Radar (SAR) inmmgery. Under review by Joint Surveillance Target
Attack RADAR System (JSTARS), S3, and P3 prograns for potential inplenentation. Created a DoD

uni que SAR Bonb Danmge Indication (BD) database of 10,000+ inmages that is to be delivered to
mul ti pl e DoD | ocati ons.

(U In cockpit target scene predictor algorithm devel oped and reported in North Atlantic Treaty
Organi zati on (NATO RSG 9 conpendi um of fuzed sensor activities.

$5,926) Naval Surface Fire Support (NSFS): The efforts in NSFS will devel op the weapons technol ogi es
hi eve the foll owi ng goal s: Probability of detection (Pd)=0.9, the Probability of decoy rejection

Pdr)=0.9, Lethality (rounds/kill)= 3/nobility kill, Warhead flexibility = Lethality submunitions, and <2
11

ensor to weapon and fire control tineline.
Cont i nued:

R-1 Line Item 3

UNCLASSIFIED

Budget Item Justification
(Exhibit R-2, page 8 of 20)



BUDGET ACTI VI TY:

2

UNCLASSIFIED

FY 2000 PRESBUDG RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

PROGRAM ELEMENT: 0602111N
PROGRAM ELEMENT TI TLE: Air and Surface Launched Wapons Technol ogy

U Electro Optic/lInfrared and Quasi optical gun | aunched seeker to inprove term nal gui dance of
rojectiles and subnunitions to place nore ordnance on target and require |ess rounds for a target
ill. Conplete first order optimal designs and raydones and initial output algorithns.

U) Weapons nodeling and sinulation to provide tools for design of NSFS systens include

Comput ational Fluid Dynanmics (CFD) for vertical |aunchers and aeroprediction codes. Conplete
assessnment of m d-body obdurator.

(U) Devel op M ssion Responsive Ordnance (MRO technol ogies to enable a single ordnance package to
produce a variety of kill effects to better match weapons agai nst different target configurations.
Conpl ete eval uation of gun | aunched submnunition designs.

(U Investigate I mage Video Analysis for near real time integrated ability to detect, track,
classify, and precisely locate targets with image and video to increase targeting accuracy and
provi de a reduced response time for targeting. Finish architecture of deno processor.

(U Hyperspectral decoy recognition to devel op technol ogy for |ow cost staring hyperspectral sensor
to reject sophisticated | and based decoys when viewed by air platforms such as Unmanned Air Vehicle
(UAVs). Conpl ete perfornmance assessnent of | ow cost hyperspectral sensor in |aboratory.

(U Precision targeting using GPS/I MJ for altitude to provide 10m Target Location Error (TLE),
providing required targeting accuracy required by Extended Range Guided Munition (ERGM), Best Buy,
and ot her fire-on-coordinates weapons. Conpl ete eval uation of effectiveness of GPS/ I MJ ki nemati c

t echni ques on breadboard.

(U Interferonetric Synthetic Aperture Radar (|IFSAR) to denobnstrate and validate techni ques for
processing nultipath IFSAR into digital elevation maps (DEMS) with techniques to control DEMS to
GPS. These efforts will attenpt to reduce the cost per kill through inproved ai npoint accuracy as
wel | as supporting nission planning and Bonb Danmage Anal ysis (BDA). Evaluate precision of satellite
denied DEMs relative to ground truth data from Ger many.

(
p
k
(

2.  FY 1999 PLAN
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e (U (%$7,865) SH P BASED DEFENSE | N SUPPORT OF SURFACE BATTLESPACE: The efforts in Ship Based Defense will
devel op weapons technol ogi es to achi eve m ni nrum and maxi mum i ntercept ranges of 100 nmeters to 3 nm, to
reduce reaction tine to 10 seconds, and to increase the probability of robust kills of 0.3 and 0. 6.

- (U Initiate:

-- (U Assessnent of |ow cost seeker conponents in the MWV spectral region.

-- (U Lethality assessnents for high-energy lasers applied to ship self-defense.

-- (U Confornmal aperture seeker technol ogy assessment for w deband terninal homing on |ow altitude
t hreats.

-- (U Surface launched propul sion investigations for increasing nmissile average velocity.

- (U Continue:

-- (U Assessnent of low altitude propagation and maj or denponstrations supporting interactive
adaptation of radar sensors. Docunent technical results and concl usions from FY98 experinents

-- (U Low altitude fuze technol ogy assessment using a high power short pulse |aser TDD for inproved
performance in low visibility aerosol and snoke conditions. Docunent FY98 technical assessnent,
sel ect technol ogies for further investigation.

-- (U Reactive materials warhead lethality investigation by testing baseline warhead desi gn and
conducting gas gun tests to facilitate devel opnent of shock induced reaction nodels, eval uate new
| et hal nechani sns, and inprove predictive tools.

-- (U Testing of infrared clutter suppression techniques for |low altitude tracking.

- (U) Conplete:

-- (U Denpnstrate the term nal accuracy of a 60nmprojectile attainable with | ow cost strapdown W
band seeker in a track-via-projectile node.

-- (U Ram Accel erator technol ogy by conducting prelimnary concept design studies for high-pressure
gas managenent. Conputational fluid dynam c nodeling of in-bore high-pressure conbustion processes.
Docunentation of results of experinmental and conputational high-pressure investigations.

. (U (%4,377) AIR SUPERI ORI TY:
- (U Initiate:

- (U) Devel opment of weapon control and warhead burst nethodologies for lethality refinements in
cross geonetry encounters.
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-- (U) Establish objectives and candi date approaches to deal with energi ng tuned decoy
count er neasur es.

-- (U) Precision intercept task to decrease payload size by 20% wi th equal or greater lethality.
Eval uate functional allocation of lethality factors anong the warhead fragnents, tining, and
nm ssile kinematic subsystens.

-- (U Seeker counter-counter nmeasure (CCM technol ogy and IR seeker performance tasks to increase IR
seeker performance by 100% over current state-of-the-art.

- (U Continue:

--  (U) Devel opnent of high pressure rocket notor technol ogy efforts begun in FY98 supporting the
coordinated air-to-air mssile technology investigations with the Air Force.

-- (U RF AF investigation by denonstrating algorithnms to provide real tine estinmates of warhead
firing conmands under a range of high-speed air-to-air encounters.

-- (U Quantify technol ogy objectives and paranmeter matrix for clutter rejection in IR term nal
seeker performance task.

-- (U Investigation of aimable ordnance to increase mssile lethality equal to or |ess than 80% of
the current weight/volume of AVRAAM war head.

* (U (9%2,868) |HPRPT:
- (YU Initiate:
-- Advanced Conposite Case rocket notor task which will devel op technologies to neet the Phase I11 nass
fraction inprovement goals

- (U Continue:

-- (U) Develop test matrix and actuation system design trades for on-conmand pintle task.

-- (U) Conduct subsystemtesting on dual novable nozzle task, preparing the conponents for a full scale
motor firing in FYOO

-- (U) Begin ballistic evaluation of candidate plateau propellant fornulations.

-- (U Begin ballistic evaluation of candi date al um num hydride propellant fornulations

-- (U) Continue ballistic and processing eval uati on of ADN propellant formnulation, preparing for |arge
scale ballistic testing in FYOO.
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-- (U) Conduct subscal e conponent gun-launch rocket case and propellant grain testing to determ ne opti nmal

designs for high-g | aunches
- (U Conplete:

-- (U Testing of materials for |owerosion nozzle task conplete. The results will be analyzed and
docunent ed.

-- (U Candidate nozzles will be fabricated for a Phase | inproved delivered energy and i nproved mass
fraction goals.

-- (U Vvalidate slow cook-off engineering nodel, conpleting slow cook-off technol ogy task.

« (U ($11,384) STRIKE AND ASUW WEAPONRY:
- (U Initiate:

-- (U) Thernal nanagenent technol ogy devel opnent for high speed missiles

-- (U) Devel opnent of weapon control and sensor approaches for high speed weapon configurations.

-- (U) Prelimnary investigation into the design of an autononous attack and weaponeering capability
for Uninhabited Conbat Air Vehicles (UCAV).

-- (U) Investigation and devel opnent of autononous m ssion planni ng package for UCAV applications.
M ssi on planning capability to include path planning, obstacle avoi dance, and resource allocation.

- (U Continue:
-- (U ATR perfornmance prediction task for inmagi ng seeker-based ATR systens.
-- (U Devel opment of a | ow cost MWV antenna el enent using MEMS technol ogy usi ng MWV radar.
-- (U Investigation of advanced wavel et-based signal processing techniques to reject GPS jamers.
-- (U Assessnent of supersonic lifting body airfrane technology with enphasis on hi gh-speed
propul sion/airframe integration issues.
-- (U Technol ogy devel opment in ATR signal processing to include bio-vision techniques.
-- (U Tuned ATR extraction and regi stered data base
-- (U Fuzzy ATR characterization to devel op seeker ATR al gorithnmns.
-- (U Assessnent of |ow cost seeker conmponents in the MWVspectral region.

- (U) Conplete:
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(U Portable Ladar performance nodel to identify optinmm perfornance agai nst nobile targets.
(U) Devel oprment of automatic target acquisition algorithnms for standoff weapon seekers utilizing
Iinear fracture correlation techniques.

($10, 043) NSFS:

(Y

9

Initiate:

(U Investigation of real tine retargetting, weapon control and target sensing techniques coupl ed
with m ssion responsive ordnance concept as a means to inprove responsiveness for tine critica
called fires.

Cont i nue:

(U Electro Optic/Infrared and Quasi optical gun |aunched seeker investigation. Conduct joint data
collection with Direct Attack Minition Affordabl e Seeker (DAMASK) project (P.E. 0603238N)

(U Weapons nodeling and sinmulation tools for NSFS including Conputational Fluid Dynanmics (CFD).
Detailed definition of test sets and geographical |ayout.

(U) Devel opnment of M ssion Responsive Ordnance (MRO). Conpl ete assessnment of MRO subnunition
performance when operated as a unitary warhead.

(U Precision targeting using GPS/IMJ to provide a 10m Target Location Error (TLE), supporting the
requirenents for fire control weapons. Design denmo system and project altitude error of same using
ki nematic alignnment algorithns. Finish in the field, direct neasurenents of breadboard GPS/ | MJ
altitude determ nation system

(U Image Video Analysis for near real time integrated detection, tracking, and |ocation of targets
with image. Conplete fabrication of denmpo hardware and begin software nodifications for rehost on
t he weapon host conputer.

(U Hyperspectral decoy recognition technologies for use by air platforns such as UAVs. Perform
field neasurenments agai nst decoys and targets fromaircraft.

(U Investigation of |IFSAR technol ogies to reduce the cost per kill through inproved ai npoint
accuracy and supporting mission planning and BDA Test using L-band and X-band IFSAR in aircraft.

¢ (U) ($2,926) Pulse Detonation Engine (PDE) — Congressional Plus-up:
(V) Initiate:
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-- (U) Investigate pre-detonator to reduce on-board oxidizer and/or initiator volume requirenents.

-- (U) Investigate rotary and butterfly val ve concepts.
-- (U) Perform fuel nanagenent system definition.

¢ (U) ($975) Explosives — Congressional Plus-up:
- (V) Initiate:

-- (V) Investigation of environmentally friendly processing methods for gradient explosives
formulations used in variable output explosives.

-- (V) Development of formulations of survivable internal blast and metal accelerating explosives with
high temperature resistant binders.

--  (U)Development and evaluation of the effect of fluorine containing materials on the reaction rate
of nanoaluminum formulations.

-- (V) Develop continuous processing technologies to increase the content of fine particle size
ingredients in explosive compositions.

* (V) ($385) Small Business Innovation Research (SBIR): Portion of extramural program reserved for Small
Business Innovation Research assessment in accordance with 15 USC 638.

3. FY 2000 Plan:

* (V) ($7,885) SHIP BASED DEFENSE IN SUPPORT OF SURFACE BATTLESPACE:
- (U) Initiate:
-- (U) Weaponization assessment for High Energy Density Materials (HEDM) applied to ship defense
weapons to improve probability of catastrophic kills
-- (V) Investigation of technologies designed to reduce command decision time in littoral
environments.
- (U) Continue:
-- (V) Lethality assessment for solid state High Energy Laser (HEL) self defense-investigate aerokill
and critical component Kill.
-- (U) Conformal seeker technology development. Complete design of conformal seeker breadboard.
-- (V) Low altitude TDD technology development.
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- (U) Conpl et e:
(U Evaluation and testing of IR clutter suppression techniques. Docunmentation of results.
Potential transitions to TISS, or MK56 Electro Optic sight, SM2, Bk IV B
-- (U Evaluation of low altitude propagation sensing techni ques applied to sensor real-tine
adaptation. Incorporate into P.E. 0603217N technol ogy denonstration.
-- (U Surface | aunched, high-speed propul sion investigations

. (U) ($4,665) AR SUPERI ORI TY:
(U) Initiate:
(U) Systens investigation of mediumto |long range target acquisition and track capabilities in
conjunction with projected mssile kinematic inprovenents.
- (U Continue:
-- (U Seeker CCMtechnol ogy and | R seeker performance al gorithm devel opnment based on wavel et
transf or ms.
-- (U Precision intercept task that evaluates functional allocation of lethality factors anong the
war head fragnments, timng, and nmissile kinematic subsystens.
- (U Conplete:
-- (U Investigation of aimable ordnance to increase mssile lethality equal to or |ess than 80% of
the current weight/vol ume of AVMRAAM war head. Prioritize recomrendations anong the fireset, reactive
mat eri al s and expl osive kills provided.

e (U (%$2,905) |HPRPT:
- (U Initiate:
- (V) Propellant formulation tasks to identify and eval uate propellant ingredients to neet Phase ||
| HPRPT del i vered energy and nmass fraction goal s.
-- (U Surface | aunched propul sion task to devel op i nnovati on case, insulation, and liner technol ogies
to nmeet Phase Il | HPRPT mass fraction goals.
- (U Continue:
-- (V) Conduct full-scale, “hot” testing of on-command pintle TVC components.
- (U) Complete:
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-- (V) Complete “hot” testing of full-scale dual movable nozzle, demonstrating Phase | IHPRPT mass
fraction goals.

(U) Complete ballistic and mechanical evaluation testing on dual plateau propellants, achieving
Phase | delivered energy and mass fraction goals

(U) Conduct full scale firing of gun-launch rocket, using “optimal” grain and case design, which
completes the gun-launched rocket task by demonstrating Phase 1l IHPRPT goals

(U) Complete ballistic characterization testing of aluminum hydride propellants, showing possible
achievement of Phase Il IHPRPT delivered energy goal.

(U) Complete ballistic characterization testing of ADN propellants, showing possible achievement of
Phase Il IHPRPT delivered energy goal.

* (U) ($11,679) STRIKE AND ASUW WEAPONRY:
- (U) Initiate:
-- (V) Precision auto weaponeering task that generates a desired meanpoint of impact (DMPI) in support
of the achievement of ASWT fire control accuracy goal of <3m Circular Error Probability (CEP).
-- (V) Develop investment strategy for autonomous system weapon control capability.
- (U) Continue:
--  (U) Tuned ATR extraction and registered data base
-- (V) Fuzzy ATR characterization to develop seeker ATR algorithms.
-- (U) Assessment of low cost seeker components in the MMW spectral region.
-- (V) Counterflow TVC task to increase mass fraction performance.
--  (U) ATR performance prediction task for imaging seeker-based ATR systems.
--  (U) Development of a low cost MMW antenna element using MEMS technology using MMW radar.
-- (V) Investigation of advanced wavelet-based signal processing techniques to reject GPS jammers.
-- (U) Investigation into the design of an autonomous attack and weaponeering capability for
Uninhabited Combat Air Vehicles (UCAV)
-- (U) Investigation and development of autonomous mission planning package for UCAV applications.
Mission planning capability to include path planning, obstacle avoidance, and resource allocation.
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(U) Precision Target Handoff and Advanced Data Assinilation for precision targeting tasks. These

tasks are devel opi ng technol ogy tasks to support the ASW goals of 10mfire control accuracy and a

20/ hr target/weapon pairing rate.

(U) Configurable ATR system and ATR performance prediction tasks supporting the weapons based ATR

and Rapi d pl anni ng ASW goal s.

(U GPS Anti-jam and MEMS aperture tasks addressing the robust CEP and target detection goals.
Conpl et e:

(U) Denonstration of Suppression of Energy Air Defenses (SEAD) fuze discrimnination techniques for

masted targets inclutter.

(U Evaluation of |aser radar inmage processing al gorithns based on fuzzy |ogic and variationa

princi pal processing techni ques supporting ATR of relocatable targets.

(U Assessnent of supersonic lifting body airframe technol ogy with enphasis on hi gh-speed

propul sion/airframe integration issues.

« (U ($10,482) NSFS:

(Y

(Y

Initiate:

(U Surface target lethality assessnent.

(U) Devel opment of tunabl e explosives for controlled lethality effects.

Conti nue:

(U Investigation of weapon control and target sensing techni ques conparable with nission
responsi ve ordnance concept. Conplete direct capability analysis in sel ected weapons.

(U Finalize algorithmand packagi ng desi gn of seeker for the Electro Optic/Infrared gun | aunched
seeker to inprove termnal guidance of projectiles.

(U Weapons nodeling and simulation to provide tools for design of NSFS systems include CFD for
vertical launchers and aero-prediction codes.

(U Complete nmissile warhead feasibility analysis for the MRO technol ogy task. Continue MRO effort
to i nprove warhead capabilities

(U Investigate Image Video Analysis for near real tinme integrated ability to detect, track
classify, and precisely locate targets with inmage and video to increase targeting accuracy and
provide a reduced response tine for targeting.
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-- (U IFSAR to denpnstrate and validate techni ques for processing nulti-path |FSAR into DEMS with
techniques to control DEMS to GPS. These efforts will attenpt to reduce the cost per kill through
i mproved ai npoi nt accuracy as well as supporting mssion planning and BDA. Eval uate opti cal
computing for real time perfornmance.

-- (U Precision targeting with GPS/IMJ for precise attitude. Denonstrate sub-nmilliradian attitude
neasur enent accuracy.

- (U Conplete:
-- (U Hyperspectral seeker tasks supporting target detection and |ocation by air platforms.

B. (U PROGRAM CHANCE SUMVARY

FY 1998 FY 1999 FY 2000
(U) FY 1999 President’s Budget: 28,379 37,140 38,064
(U) Appropriated Value: 41,140 0
(U) Adjustments from FY 1999 PRESBUDG: -5,493 +3,683 -448
(U) FY 2000 PRESBUDG Submission: 22,886 40,823 37,616

(U) CHANGE SUMMARY EXPLANATION:

(U) Funding: FY 1998 adjustments include Small Business Innovation Research (SBIR) reduction (-$3,058); and Actual
update adjustments (-$2,435). FY 1999 adjustments include Congressional Plus Ups of (+3,000) for Pulse Detonation
Engine Research and (+1,000) for Energetic Explosives Development; and Congressional Undistributed adjustments
(-$317). FY 2000 adjustments includes an Outsourcing adjustments (-$90) Navy Working Capital Fund (NWCF) rate
adjustment (+$12), Civilian pay adjustment (+$175); and Non Pay Inflation adjustment (-$545).
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(U) Schedul e: Not applicable.
(U Technical: Not applicable.

C. (U OTHER PROGRAM FUNDI NG SUMMARY: Not Applicable
(U RELATED RDT&E: This P.E. adheres to Defense S&T Reliance agreenents with oversight provided by the JDL
This P. E
CONVENTI ONAL Al R/ SURFACE WEAPONRY:
PE 0601153N (Def ense Research Sciences)
PE 0602203F (Aerospace Propul sion)
PE 0602232N ( Communi cati ons, Conmmand and Control, Intelligence, Surveillance & Reconnai ssance)
PE 0602234N (Materials, Electronics and Conputer Technol ogy)
PE 0602302F (Rocket Propul sion and Astronautics Technol ogy)
PE 0602303A (M ssil e Technol ogy)
PE 0602601F ( Advanced Weapons)
0602602F (Conventional Munitions)
PE 0602618A (Ballistics Technol ogy)
PE 0602624A (Wapons and Muniti ons Technol ogy)
PE 0603004A (Weapons and Munitions Advanced Technol ogy)
PE 0603216F (Aerospace Propul sion and Power Technol ogy)
PE 0603609N ( Conventional Munitions)
PE 0603640M ( Marine Corps Advanced Technol ogy Denonstration)
PE 0603790D ( NATO Research and Devel opnent)
This is in accordance with the ongoing Reliance joint planning processes.

EECECEEECEEEEEEEt
1Y)
m

D. (U SCHEDULE PROFILE: Not applicable.
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(V) COST: (Dol lars in Thousands)

PROJECT
NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TITLE ESTI MATE  ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COWPLETE PROGRAM

Shi p, Submarine & Logistics Technol ogy
43, 430 55, 456 43, 786 42,967 44,744 46, 126 47,527 48, 831 CONT. CONT

A (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON:  Thi s program el ement (PE) provides for surface ship, submarine,
| ogi stics, and environmental quality applied research that contributes to nmeeting joint warfare capabilities established by
the Joint Chiefs of Staff; namely to pronptly engage regional forces in decisive conbat on a gl obal level, to enploy a range
of capabilities nore suitable to actions at the lower end of the full range of military operations which allow achi evenent of
mlitary objectives with mnimm casualties and coll ateral damage, and to counter the threat of weapons of nass destruction
and future ballistic and cruise mssiles to the United States and depl oyed forces.

Due to the sheer volune of efforts included in this programelenent, the prograns described in the Acconplishnments and
Pl ans sections are representative selections of the work included in this program el ement.

(V) This PE devel ops affordable hull, mechanical, and electrical (HV&E) technol ogy options for both surface ships and
submarines. There are four technol ogy thrusts for both surface ships and submarines: Signature Control, Structural Systens,
Power and Automation, and Maneuvering and Seakeeping. They address el ectromagneti c and acoustic signature reduction
structural and weapon related survivability inprovenent, electrical and mechani cal system efficiency, danage control

hydr odynam cs, and alternative propul sion

(V) Logi stics technol ogi es increase operational readiness through effective managenent and novement of supplies ashore and
at-sea, and advanced techni ques for nore cost-effective construction and mai ntenance of shore and offshore facilities.
Technol ogy devel opnent in these areas responds to a variety of requirenments, including: the logistic support needed for
anphi bi ous | andi ng, the diagnostic technol ogies that enable the inplementation of a condition-based vs. tinme-based maintenance
phi |l osophy, and | ong distance |ogistics supply chains with short reaction tine.
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(Y Environmental quality technol ogi es enabl e sustained worl d-w de Navy operations, in conpliance with all national and

i nternational |aws, regulations and agreenents. Technol ogy devel opment in this area supports the Chief of Naval Operations
(CNO prioritized Navy user and Sci ence and Technol ogy (S&T) requirenents and | eads to systens and processes that provide the
Fleet with environnentally conpliant forward presence, ashore and afloat. Specifically, this area supports requirenents to
mnimze the curtailnent of mlitary operations due to ship, shore and aircraft conpliance with international regulations; and
to sustain Naval forces anywhere in a tinely and environnentally conpliant manner.

(V) In addition, affordability for reduced acquisition and life-cycle costs is pursued within all technol ogy thrusts.
Concepts that reduce the cost of design, fabrication, outfitting, nmintenance, and operation are being devel oped. This HWE
technology spans various Joint Mission Areas and supports the Joint Warfare Strategy “Forward ...From the Sea.”

(9)) In fiscal year 1998, funding for Logistics and Environmental Quality technology for ships and Naval infrastructure was
transferred from PE 0602233N to this more appropriate PE.

(U)  JUSTIFICATION FOR BUDGET ACTIVITY: This program is budgeted within APPLIED RESEARCH, Budget Activity, because it
investigates technical advances with possible applications toward solution of specific Naval problems, short of a major
development effort.

(U) PROGRAM ACCOMPLISHMENTS AND PLANS:
1. (U) FY 1998 ACCOMPLISHMENTS:

(U) ($4,246) SURFACE SHIP STRUCTURAL SYSTEMS:
(U) INITIATED:

e (U) Future combatant topside structural concepts. (Topside Structures)
* (V) Fire suppression and flooding prediction for automated damage control. (Damage Control)
e (U) Total ship structural/systems damage prediction from missile impact and penetration. (Weapons Effects)

* (U) Composite structural response prediction to explosion loads transmitted in water or air. (Weapon Effects)
(U) CONTINUED:
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(U) Denonstration and eval uation of dynamic failure prediction tools for conposite hull structures. (Hull
Structures)

(U) Devel opment of stainless steel advanced double hull concepts. (Hull Structures)
(U Model test studies of the effects of DD-21 hull features on seaway induced | oads. (Hull Structures)

(U) Devel oprment of analytical nodels to predict fire/snoke transport and fl oodi ng progression in naval surface
shi ps. (Danmage Control)

(%1, 116) SURFACE SHI P PONER AND AUTQVATI ON:

| NI TI ATED:

(U) Devel opnent of smart, survivable machinery control system concepts. (Mechanical Power and Auxiliary

Syst ens)

(U) Devel opnent of heat pipe, thernal-electric and other advanced heat renoval techniques for high heat |oad
t hermal managenent in distributed machinery and el ectrical systens. (Mechanical Power and Auxiliary Systens)
COVPLETED:

(U 10 kilowatt (kW fuel cell system brassboard denonstration to validate analytical nmodels. (Mechanica
Power and Auxiliary Systens)

(U Transition of fuel refornmer and desul phurization concepts for high power diesel-fed fuel cell to PE
0603508N. (Mechani cal Power and Auxiliary Systens)

(%4, 276) SURFACE SHI P SI GNATURE CONTROL:
I NI TI ATED:

(U) Devel op mat hemati cal and physical scale nodel scattering prediction capabilities of surface ship resonance
at high frequency (HF) frequencies. (Topside Signature Reduction)

(U) Devel op testing procedures to evaluate residual ferromagnetic signatures of non-ferrous materials
(Underwat er Si gnature Reducti on)
CONTI NUED:

(U Eval uation of high-performance ship hull concepts, which neet |ow observable (LO requirements. (Topside
Si gnat ure Reducti on)
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e (U) Devel opnent of l|ightning protection systemconcepts for conposite structures. (El ectronmagnetic
Compatibility)

e (U Developnent of eddy current prediction nodeling and advanced sensors (Underwater Signature Reduction)

(U COVPLETED:

e (U) Devel opnent of Infrared (IR)/Radar Cross Section (RCS)/Visual signature suppression concepts for exhaust
stack systenms. (Topside Signature Reduction)

* (U Integration of enbedded conmunication sensors into topside exhaust stack structures. (El ectromagnetic

Compatibility)

(U Mne vulnerability display to allow ship operator to determine vulnerability/survivability in littoral

environnents. (Underwater Signature Reduction)

(U (%$1,634) SURFACE SHI P MANEUVERI NG & SEAKEEPI NG

(U) | NITIATED:

e (U) Devel opnent of dynamic damage stability nmethod. (Seaway Operability and Survivability)
(U) COWPLETED:

(U) Devel opnent and assessnent of a Vertical Axis Propul sor concept (Phase | Engi neering assessnent).
(Advanced Propul sor Concepts)

($3,579) SUBMARI NE S| GNATURE CONTROL:
I NI TI ATED:

(U) Devel opment of Advanced Degaussi ng net hodol ogy based on foreign technol ogies. (El ectromagnetic Sil encing)

(U) Devel opnent of nethods to predict/reduce acoustic noise due to flow over appendages. (Hydroacoustics)
CONTI NUED:

(U) Devel opnent of technology to predict real-tine, far-field acoustic signatures from on-board neasurenents.
(Structural Acoustic)

e (U Small scale evaluation of quiet hull concepts. (Structural Acoustics)

e (U) Denonstration of proof-of-concept for control of near and far-field electromagnetic (EM signhatures in
deep and shallow water. (EM Signature Reduction)

e (U) Develop integrated nmodel for advanced propul sor noise at low md frequencies. (Hydroacoustics)

(

.g. QEE
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COVPLETED:

(U Testing and eval uation of acoustically transparent sonar bow done concept; transition concept and design
nmet hodol ogy to Naval Sea Systens Command (NAVSEA). (Structural Acoustics)

(U) Devel opnent and eval uation of the integrated nodel of propul sor noise in high frequency range.
(Hydr oacousti cs)

(U) Assessnent of hydrodynani c wake prediction and mitigation capabilities. (Hydrodynam c Signature Reduction)
(U) Devel opment of algorithms for far-field EM signature control algorithnms. (EM Signature Reduction)

($2, 024) SUBMARI NE STRUCTURAL SYSTEMS:
I NI TI ATED:

(U Investigation of double hull concepts. (Advanced Structures)

(U) Devel op nonitoring systemto balance weight distribution in truss and nount systens to elimnate acoustic
shorts and to eval uate shock damage. (Advanced Structures)
CONTI NUED:

(U) Devel opment of quarter-scale shock and acoustic testing requirenents for mounts. (Advanced Structures)

(U) Devel opnent of strengthening options and joint flexibility concepts for shock attenuation in nmachinery
support structures. (Advanced Structures)

(U) Devel opnent of front end equi pnent emul ators for shock eval uations. (Advanced Structures)
COVPLETED:

(U) Devel opnent of test capability for quarter-scal e shock and acoustic evaluations in air and in water.
(Advanced Structures)

($2,110) SUBMARI NE PONER AND AUTOVATI ON:
I NI TI ATED:

(U) Technol ogy assessnent and devel opnent of alternative energency power energy storage technol ogies.
(Electrical)
CONTI NUED:

(U) Devel opnent of flow visualization and design tools for internal fluid systens. (Machinery)
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(U Eval uation of power and response performance of candidate electrically powered actuator technol ogies for
reduced cost inproved reliability of steering and diving systems. (Electrical)

(U) Devel opment of adaptive self-energized magnetic bearings for reduced nai ntenance. (Machinery)
(U) Devel opnent and verification of quiet electric notor analysis and design tools. (Electrical)

(%2, 751) SUBVARI NE MANEUVERI NG AND SEAKEEPI NG
I NI TI ATED:

I nviscid i nverse design and turbulent flow analysis of mxed flow propul sor concepts. (Advanced Propul sors)
CONTI NUED:

(U) Laboratory denmponstrations of maneuvering concepts with inproved control authority and jamresistance.
(Maneuvering and Control)

(U Simulation of jamresistant maneuvering concepts. (Maneuvering and Control)
(U) Devel opment of prediction methods of propul sor side forces. (Maneuvering and Control)
(U) Denonstration of inproved ability to sinulate naneuvering in extreme conditions. (Mneuvering and

Control)
COVPLETED:

(U) Devel opment of nodels to predict near-field downstream flow features fromhull feature inflow conditions
and transition to Hydrodynam cs/ Hydroacousti cs Technol ogy Center. (Maneuvering and Control)

(U Radio controlled nodel tests to validate physics-based maneuvering tools; and transition first version
Conput ational Fluid Dynamics (CFD) codes to Hydrodynani cs/ Hydroacoustics Technol ogy Center. (Maneuvering and
Control)

(U Advanced stern performance eval uation. (Advanced Propul sors)

(%4, 739) Power Electronic Building Block (PEBB):
I NI TI ATED:

(U) Devel opnent of third generati on PEBB denonstration nodules for form fit, and function. (Advanced Concept
El ectrical Systens)
CONTI NUED:
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(U Transition PEBB science and technol ogy to support active quieting of notors and other electrica
conmponents. (Advanced Concept Electrical Systens)
COVPLETE:

(U) Proof of concept of second-generation PEBB nodul es that denonstrate form and function; transition nodul es
to PE 0603508N for Technol ogy Denpbnstrations. (Advanced Concept El ectrical Systens)

(U) Denonstration of conputational testbed for advanced concept electrical system sinulation. (Advanced
Concept El ectrical Systens)

($5, 413) LOG STI CS:
I NI TI ATED:

(U) Devel opment of a nicro-el ectronechani cal system (MEMS) di agnostic sensor net. (Mintenance)
(U) Devel opnment of virtual sensors for diagnostics and prognostics. (Mintenance)

(U) Devel op and i nmpl enment sensor technology that qualify for built-in calibration (BIC) integration that
currently use a MEMS sensor technol ogy base.
CONTI NUED:

(U) Devel opment of nmmgnetostrictive actuators for cargo/weapons el evator doors. (Replenishnent)
(U) Devel opment of metrol ogy for high-speed optical interconnections. (Miintenance)
(U) Devel opnment of IR focal plane array test set. (Maintenance)

(U Enhancement of crane control technologies resulting in reduced manpower and increased equi pnent
per f ormance. (Repl eni shment)

(U) Devel opment of prognostics for real-tinme status nonitoring and troubl eshooting for high-power mcrowave
tubes in conbat systems. (Mintenance)

(U) Devel opment of nondestructive techniques coupled with conputer nodeling to rapidly assess pier capacity to
resist lateral |oads. (Infrastructure)

(U) Devel opment of technol ogies required for an easily transported, high sea state nodul ar platform system
(Arphi bi ous Logi stics)
(U) Devel opment of an aut ononous marine booster punp. (Anphibious Logistics)
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(U) Devel opment of technology to significantly inprove throughput by providing |ighterage the ability to noor
al ongsi de ships and piers enabling cargo transfer in higher sea states. (Anphibious Logistics)

(U) Devel opment of a collaborative infrastructure assessnment tool. (Anphibious Logistics)
COVPLETED:

(U) Devel opment of el ectroset desktop manufacturing of parts. (Anphibious Logistics)
(U) Devel opnent of rapid nearshore geotechnical survey technol ogy. (Anphibious Logistics)

($3, 491) ENVI RONVENTAL QUALI TY TECHNOLOGY:
| NI TI ATED:

(U Assessnent of need for oil pollution control technology for subnmarine external systens. (Environnentally
Conmpl i ant Pl at f or ns)

(U) Devel opnent of non-fouling coatings for shipboard ceranic nmenbrane oily wastewater treatnent systens.
(Environmental |y Conpliant Pl atforns)

(U) Devel opnent of process control technol ogy for shipboard waste processing systens. (Environmentally
Conpl i ant Pl at f orns)

(U) Devel opnent of surface ship pollution prevention technol ogies. (Environmentally Conpliant Platforns)

(U) Devel opment of submarine heat exchanger fouling control technologies. (Environnmentally Conpliant

Pl at f or ms)

(U) Devel opment of the Navy RDT&E needs for contam nated sedinments and their inpact on ship/shore facilities
operations. (Environmentally Conpliant Shore Facilities)

(U) CONTI NUED:

(U) Devel opnent of enhanced copper speciation and fate nethodol ogy as an alternate approach to neet copper
di scharge regul ations. (Environnmentally Compliant Shore Facilities)

(U El ectrochemnical pre/post treatnent technol ogy devel opnent for shipboard non-o0ily wastewater
(Environmental |y Conpliant Pl atforns)

(U) Devel opnent of near critical fluid extraction technology for shipboard bil gewater treatnent.
(Environmental |y Conpliant Pl atforns)
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e (U) Devel opnent of automated dry dock ship painting, application, overspray control and collection
technol ogi es. (Environnental ly Conpliant Shore Facilities)

e (U) Devel opnent of decontam nation cleaning of surfaces technol ogy of Pol ychlorinated Bi phenyls (PCBs) and
ot her toxic substances. (Environmentally Conpliant Shore Facilities)

e (U) Devel opnent of Industrial Wastewater Treatnent Plant (IWP) technol ogies for pollution prevention
(Environnental |y Conpliant Shore Facilities)

. (}D Fbvelopnent of environmentally sound substitute for steam catapult |ubricants. (Environnentally Conpliant
Pl at f or ms

(Y CfWPLETE&

. (U) Devel opnent of nol ecul ar recognition (MRT), advanced reverse osnosis (ARO and el ectrodialysis (ED)
technol ogies for IWIPs and transitioned to Environnental Security Technol ogy Certification Program (ESTCP)
and 6.4 progranms for technol ogy denonstration/validation and certification. (Environnentally Conpliant Shore
Facilities)

. (U Initiation Decision Report (IDR) for devel opnent of technology for control of pollution from submarine
external hydraulic systens (Environmentally Conpliant Pl atforns)

(U ($5,687) PEBB TECHNOLOGY CONGRESSI ONAL PLUS- UP:
(U COVPLETED:

e (U) Conplete Phase | virtual testbed (equipnent simulation and anal ysis) and successfully incorporate it into
virtual PEBB-2 design. (Advanced Concept El ectrical Systens)

(U) ($1,418) POWER NODE CONTROL CENTERS CONGRESSI ONAL PLUS- UP:
(U COWPLETED:

e (U) Design and cost analysis of the Power Node Control Center prototypes. (Advanced Concept El ectrica
Syst ens)

(U) ($946) UNDERWATER VEHI CLE DERI VED CONTROL TECHNOLOGY CONGRESSI ONAL PLUS- UP:
( U) COVPLETED:
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2 PROGRAM ELEMENT: 0602121N
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U) Using Conponent Level Intelligent Distributed Control Systems (CLIDCS) devel op and denpbnstrate concepts for

(
intelligent, reconfigurable networks that control HVRE systens.

FY 1999 PLAN:

($5, 050) SURFACE SHI P STRUCTURAL SYSTEMS:
I NI TI ATE:

(U) Design tool for integrated conposite topside structures. (Topside Structures)

(U) Devel opnent of survivable DC sensor/system principles. (Wapons Effects)
CONTI NUE:

(U) Devel opnent of inmproved design criteria and tools for analysis of conposite primary hulls. (Hul
Structures)

(U) Devel opnent of stainless steel advanced double hull concepts. (Hull Structures)

(U Future conbatant topside structural concepts. (Topside Structures)

(U) Conposite structural response prediction to explosion |loads transnitted in water or air. (Wapon Effects)
(U Fire suppression and flooding prediction for automated danmage control. (Damage Control)

COWPLETE

Transition of probabilistic hull strength design methods to NAVSEA. (Hull Structures)

Devel oprmrent of magazi ne protection concepts to reduce probability of mass detonation. (Wapons Effects)
Physi cal nodeling studies of hull features versus seaway |oading. (Hull Structures)

Met hodol ogy for predicting |ocal hull response to near hull weapons detonation. (Wapons Effects)
Advanced damage control flooding prediction sensor technology. (Danage Control)

Total ship structural/systens damage prediction frommssile inpact and penetration. (Wapons Effects)

Denonstrati on and eval uation of dynamic failure prediction tools for conmposite hull structures. (Hul
St ruct ures)

(
(
(
(
(
(
(

cececeeee

($1, 456) SURFACE SH P POAER AND AUTOVATI ON
I NI TI ATE
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(U Dynam c nodeling and simulation of fuel cell based power systens for shipboard use. (Mechanical Power and
Auxil1ary Systens)
(U Simulation of nmachinery plant control system (Mechanical Power and Auxiliary Systens)
CONTI NUE:
(U) Devel opment of heat pipe, thermal-electric and other advanced heat renoval techniques for high heat |oad
thermal managenent in distributed machinery and el ectrical systens. (Mechanical Power and Auxiliary Systens)
(U) Devel opment of smart, survivable distributed machinery control concepts. (Mechanical Power and Auxiliary
Syst ens)
COVPLETE:
gU) Shogk and vibration testing of reduced scale fuel cell power systens. (Mechanical Power and Auxiliary
yst ens
gU) Sal; contam nation testing of reduced scale fuel cell power systens. (Mechanical Power and Auxiliary
yst ens

($4, 789) SURFACE SHI P SI GNATURE CONTROL:
I NI TI ATE:

(U) Devel opment of next generation topside signature control concepts (Topside Signature Reduction)
(U) Devel opnent of double hull signature reduction technol ogies for underwater el ectromagnetic signatures

(Underwat er Si gnature Reducti on)

CONTI NUE

(U Mathematical and physical scale nodel scattering prediction analyses for surface ship resonance at high
frequencies. (Topside Signature Reduction/El ectromagnetic Conpatibility)

(U) Testing procedures to evaluate residual ferromagnetic signatures of non-ferrous materials (Underwater
Si gnhat ure Reducti on)

(U) Eval uation of high-performance ship hull concepts, which neet |ow observable requirements. (Topside
Si gnat ure Reducti on)

(U Devel opment of eddy current prediction nodeling and advanced sensors (Underwater Signature Reduction)
COVPLETE:

(U Assessnent of the vulnerability of surface ships to eddy current signatures. (Underwater Signatures)

R-1 Line Item4 Budget Item Justification
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e (U) Devel opnent of lightning protection systemconcepts for conposite structures. (El ectromagnetic
Compatibility)

(U) ($1,343) SURFACE SHI P MANEUVERI NG & SEAKEEPI NG
(U) NI TIATE:

e (U) Devel opnent of nunerical methods for predicting ship | oads. (Seaway Maneuverabilty, Mtions and Loads)

(U) Devel opnent of an integrated propul sor/hull concept to inprove signature behavior. (Ilntegrated
Propul sor/ Hul I')
(U COWPLETE:

e (U) Devel opnent and validation of dynanmi c damage stability nethod. (Seaway Maneuverabilty, Mdtions and Loads)

(U) ($4,341) SUBMARI NE S| GNATURE CONTROL:
(U INITIATE:

(U) Devel opnent of coating concepts to reduce submarine detection from active acoustic interrogation.
(Structural Acoustics)

(U) Devel opnent of next generation structural acoustics numerical nodeling capability. (Structural Acoustics)
e (U Develop nodels for wake signatures for littoral paraneter ranges. (Hydrodynam c Signature Reduction)

e (U) Devel opnent of sensors/electronics concepts to enbed in exterior coating materials to assess technol ogy
i npact/advant ages of sanmpling the EMfield exterior to the hull. (Electronmagnetic Signature Reduction)
(U CONTI NUE:

e (U Denonstration of proof-of-concept for controlling near-field el ectromagnetic signatures in shallow water.
(EM Si gnat ure Reducti on)

e (U Devel opnent of advanced degaussi ng based on forei gn technol ogy assessnents. (Electromagnetic Signature
Reduct i on)

e« (U Assess first generation experinental results and revise concept and anal ysis nethods for hull structural
concepts with intrinsic acoustic benefit. (Structural Acoustics)

e (U Devel opnent of nethods to predict/reduce acoustic noise due to fl ow over appendages. (Hydroacoustics)
e (U) Develop integrated nodel for advanced propul sor noise at low nmd frequencies. (Hydroacoustics)
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(U) Devel opment of technology to predict far-field acoustic signature in real-time fromon-board neasurenents.
(Structural Acoustics)
COVPLETE:

(U) Evaluation of the control nethodol ogies for far-field EM signatures in deep and shall ow water. (EM
Si gnat ur e Reducti on)

(U Snall scale evaluation of quiet hull concepts. (Structural Acoustics)

($2, 540) SUBMARI NE STRUCTURAL SYSTENS:
CONTI NUE:

(U Investigation of double hull concepts. (Advanced Structures)
(U) Devel opment of equi pment erul ators for aft end shock and acoustic applications. (Advanced Structures)

(U) Devel op system requirenents and sensor configurations to inplement structural nonitoring system (Advanced
Structures)

($2, 400) SUBMARI NE PONER AND AUTOVATI ON
I NI TI ATE:

(U Integrated nodeling and simulation of electric notor with mounting, shaft, propul sor and machi nery support
systems to investigate shipboard overall acoustic noise reduction. (Machinery)
CONTI NUE:

(U Technol ogy assessnent and devel opnent of alternative energency power energy storage technol ogies.
(Electrical)

(U Verification of design tools for internal fluid systems. (Machinery)

(U) Devel opment of npst promising electrically powered actuator technol ogies for reduced cost inproved
reliability steering and diving systens. (Machinery)

(U) Devel opment and validation analysis of 3-D design tools for quiet electric notors. (Electrical)
COVPLETE:

(U Validation of 2-D analysis and design tools for quiet electric motors; transition to NAVSEA. (El ectrical)
(U Transition adaptive self-energized nagnetic bearing technol ogy to NAVSEA. (Electrical)

R-1 Line Item4 Budget ltem Justification
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(U) Devel opment of measurenent techniques for electrical notor dynamics. (Electrical)

($3, 639) SUBMARI NE MANEUVERI NG AND SEAKEEPI NG
I NI TI ATE

(U) Devel opnent of nmaneuvering effectors to increase control authority at |ow speeds. (Maneuvering Systens)
(U) Hydroacoustic design and analysis for nixed flow propul sors. (Advanced Propul sors)
(U Active control for hydroacoustics. (Advanced Propul sors)

(U Validate propul sor side force technol ogy and transition to Hydrodynani cs/ Hydroacoustics Technol ogy Center
(Maneuvering and Control)

(U) CONTI NUE:
e (U Denonstration of inmproved ability to simulate naneuvering in extrenme conditions. (Maneuvering and Control)
(U COWPLETE:

(Y
(Y

(U Simulation of jamresistant maneuvering concepts. (Mneuvering and Control)
(U Laboratory denmonstrations of maneuvering concepts with inproved control authority and jamresistance.

(U Inviscid inverse design and turbulent flow analysis of m xed fl ow propul sor concepts. (Advanced
Pr opul sors)

($5, 567) PEBB:
I NI TI ATE:

(U) Devel opnment of advanced PEBB fast turn off npdul es. (Advanced Concept Electrical Systens)
(U) Devel opnent of systemregulation and stability concepts, algorithns. (Advanced Concept Electrical Systens)
(U) Devel opnent of energy generation and storage concepts and conponents. (Advanced Concept Electrica

Syst ens)

(Y

(Y

CONTI NUE

(U Eval uation of third-generation nodules to denonstrate form fit, and function of PEBB. (Advanced Concept
El ectrical Systens)
COWPLETE

R-1 Line Item4 Budget Item Justification

(Exhibit R-2, Page 14 of 25)
UNCLASSIFIED



BUDCET ACTIVITY:

UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT TI TLE:  Ship, Submarine & Logistics Technol ogy

(U Proof of concept for third-generation nodules to denonstrate form fit, and function of PEBB. (Advanced
Concept Electrical Systemns)

(U Transition of third-generation PEBB nodul es to PE 0603508N to support Electrically Re-configurable Ship
denmonstration. (Advanced Concept El ectrical Systens)

(U) (%$6,459) LCOd STICS:

(U INTIATE

e (U Investigate concepts to provide nooring and fendering systenms, which would safely, control or reduce the
relative nmotion in sea state 3 conditions. (Anmphibious Logistics)

e (U) Devel opnent of the use of existing assets to provide for nobile piers. (Anphibious Logistics)
(U) Devel opment of seabased | ogistics comrunications |ink. (Anrphibious Logistics)

(U) CONTI NUE:

(U) Devel opment of a high power mcrowave built-in test set. (Mintenance)

e (U) Devel opnent of a collaborative infrastructure assessnent tool. (lInfrastructure)

e (U Inprovenent of throughput in higher sea states by identifying and devel opi ng new and emnergi ng technol ogi es
that can be applied to critical |ighterage operations. (Anphibious Logistics)

e (U) Devel opnent of mcro-electrical mechanical sensor systens. (Mintenance)

e (U) Devel opnent of virtual sensors. (Mintenance)

e (U) Devel opnent of BIC of MEMS. (Maintenance)

(U COVPLETE:

Devel oprment of magnetostrictive actuators for cargo/weapons el evator doors. (Replenishnment)
Devel oprment of advanced shi pboard crane technol ogy. (Repleni shnent)

Devel oprment of metrol ogy for high-speed optical interconnections. (Mintenance)

Devel oprrent of an infrared focal plane array test set. (Mintenance)

Devel opment of a diagnostic rule extraction technol ogy. (M ntenance)

Devel oprment of nondestructive techniques coupled with conputer nodeling to rapidly assess pier capacity to
esist lateral loads. (Infrastructure)

(V)
(Y)
(V)
(Y)
(V)
SU)
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(U) Devel opment of technol ogies required for and easily transported, high sea state nodul ar platformsystem
(Arphi bi ous Logi stics)
(U) Devel opmrent of an aut ononous marine booster punp. (Anphibious Logistics)

(U) Devel opnent of technology to significantly inprove throughput by providing |ighterage the ability to noor
al ongsi de ships and piers enabling cargo transfer in higher sea states. (Anphibious Logistics)

($3,860) ENVI RONMENTAL QUALI TY TECHNOLOGY:
I NI TI ATE:

(U) Devel opment of technol ogy for management of contam nated marine sediments. (Environnmentally Conpliant
Shore Facilities)

Devel oprment of mniaturized acoustic data | ogging technol ogy for marine manmal s. (Environnental ly Conpliant
Pl at f or ms)

Devel oprment of acoustic integration technology for projecting 3-D nari ne mammal tracks to generate noise
exposure data for risk assessment predictions. (Environnentally Conpliant Platformns)
CONTI NUE:

(U) Devel opnment of enhanced nethodol ogy for alternate approach to neet copper discharge regul ations.
(Environmental |y Conpliant Shore Facilities)

(U Pollution prevention technol ogy devel opnent for surface conbatants. (Environmentally Conpliant Platforns)

(U) Devel opment of automated dry dock ship paint application, overspray control and collection technol ogies.
(Environnental |y Conpliant Shore Facilities)

(U) Devel opment of submarine heat exchanger fouling control technol ogy. (Environmentally Conpliant Platforns)

(U) Devel opnent of decontamnmi nation cleaning technology for PCBs (Environnmentally Conpliant Shore Facilities)
COVPLETE:

(U Electrochenical treatment technol ogy devel opnment for shipboard non-oily wastewater polishing; transition
to Denonstration/Validation (DEM VAL) (NAVSEA 03R16) for advanced devel oprment. (Environnentally Conpliant
Pl at f or ms)

(U Technol ogy devel opment of near-critical CO2 extraction for ship bilgewater treatnent; transition to EQ
DEM VAL program ( NAVSEA 03L1) and PMS 400D for advanced devel opnent. (Environnentally Conpliant Pl atforns)
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Devel oprment of technol ogies for Industrial Wastewater Treatment Plants (IWP); transition to NAVFAC (15R)
integration and inplementation. (Environnentally Conpliant Shore Facilities)

Devel oprment of environmentally acceptable |ubricant for carrier catapult systens; transition to NAVAIR PMVA
for qualification and inplenentation. (Environnentally Conpliant Pl atforns)

(U) Devel opment of non-fouling coatings for shipboard ceranic nenbrane oily wastewater treatment systens;
transition to NAVSEA for DEM VAL and integration. (Environnentally Conpliant Platforns)

(U) Devel opment of neural network algorithmfor shipboard oil content nmonitors; transition to NAVSEA 03L for

i ntegration and inplementation (Environmentally Conpliant Platforns)

NA — o~
acoc

($1,500) STAI NLESS STEEL DOUBLE HULL CONGRESSI ONAL PLUS- UP:
I NI TI ATED:

This effort will entail a large scale testing to validate material, corrosion, coatings, and structura
gui del i nes for stainless steel

($2, 000) CONTROL SYSTEMS FOR AUTONOMOUS UNDERWATER VEH CLES CONGRESSI ONAL PLUS- UP
I NI TI ATED:

(U This programwi |l demponstrate the viability of Conponent Level Intelligent Distributed Control Systens
(CLIDCS) through | aboratory denonstration on a representative marine system

($5, 000) CURVED PLATE TECHNOLOGY CONGRESSI ONAL PLUS- UP:
I NI TI ATED:

(U) Devel op, design, construct and test high precision fabrication technology for |arge steel structura
conmponents requiring curvatures and precise dinensional control to be used in advanced ship designs.

($5, 000) BI OENVI RONVENTAL HAZARDS CONGRESSI ONAL PLUS- UP:
I NI TI ATED:

(U An integrated bioenvironnental hazards programw || be conducted to devel op bi osensors and bi omarkers for
human and ecol ogi cal bi oenvironnental problens.

($512) SMALL BUSI NESS | NNOVATI ON RESEARCH:

R-1 Line Item4 Budget Item Justification
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e (U) Portion of extramural programreserved for Small Business |Innovation Research assessnent in accordance
with 15 U S. C. 638.

3. (U FY 2000 PLAN:

(U) ($5,653) SURFACE SHI P STRUCTURAL SYSTEMS:
(U | NI TIATE:

e (U) Devel op shock/acoustic nount design nmethods and energy absorbing structures. (Wapons Effects)

(U) CONTI NUE:

e (U Devel oprment of inmproved design criteria and tools for analysis of conposite primary hulls. (Hull
Structures)

e (U) Devel opnent of stainless steel advanced double hull concepts. (Hull Structures)
e (U) Conposite structural response prediction to explosion loads transnmitted in water or air. (Wapon Effects)

e (U) Design tool for integrated conposite topside structures. (Topside Structures)
(U) COWPLETE:

* (U Fire suppression and fl ooding prediction for automated damage control. (Danmage Control)
e (U) Devel opnent of survivable DC sensor/system principles. (Wapons Effects)
e (U) Future conbatant comnposite topside structural concepts. (Topside Structures)

(U) ($1,161) SURFACE SHI P PONER AND AUTOVATI ON:
(U | NI TIATE:

(U Denonstration of advanced thermal managenent techni ques for heat | oad machinery and el ectrical.
(Mechani cal Power and Auxiliary Systens)

e (U) Denonstration of smart, survivable distributed nachinery control concepts on reduced scal e systens.
(Mechani cal Power and Auxiliary Systens)
(U) CONTI NUE:

e (U Dynamic nodeling and sinulation of fuel cell based power systenms for shipboard use. (Mechanical Power and
Auxiliary Systens)
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e (U Sinulation of machinery plant control system (Mechanical Power and Auxiliary Systens)

. (U) Devel opnent of smart, survivable distributed machinery control concepts. (Mechanical Power and Auxiliary
Syst ens)

(U) (%$5,175) SURFACE SHI P SI GNATURE CONTROL:

(U) I NITIATE:

e (U) Advanced integrated topside reduction and EM conpatibility prediction capabilities for LO structures.
(Topsi de Signature Reduction/EM Conpatibility)

(U) CONTI NUE:

* (U) Develop testing procedures to evaluate residual ferromagnetic signatures of non-ferrous materials.
(Underwat er Si gnature Reducti on)

e (U Evaluation of high-performance ship hull concepts, which neet |ow observable requirements. (Topside
Si gnat ure Reducti on)

e (U Devel opnent of double hull signature reduction technol ogies for underwater el ectromagnetic signatures.

(Underwat er Si gnature Reducti on)

(U) Devel opnent of next generation topside signature control concepts. (Topside Signature Reduction)

(U) COWPLETE:

e (U Devel opnent of eddy current prediction nodeling and advanced sensors. (Underwater Signature Reduction)

e (U) Devel op mat hemati cal and physical scale nodel scattering prediction capabilities of surface ship resonance
at high frequencies. (Topside Signature Reduction/El ectronagnetic Conpatibility)

($1, 529) SURFACE SH P MANEUVERI NG & SEAKEEPI NG
CONTI NUE:

(U) Devel opnent of nunerical methods for predicting ship | oads. (Seaway Maneuverabilty, Mdtions and Loads)

(U) Devel opment of an integrated propul sor/hull concept to inprove signature behavior. (Integrated
Propul sor/ Hul I')

..EE

(%4, 283) SUBMARI NE S| GNATURE CONTROL:
U) |INTIATE

)
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(U) Devel op noi se nodel version for reduced conplexity propul sors. (Hydroacoustics)
CONTI NUE:

(U) Devel op nodel s for wake signatures for littoral paraneter ranges. (Hydrodynam c Signature Reduction)

(U) Devel opnent of hull structural concepts with intrinsic acoustic benefit; integrate acoustic coatings and
doubl e hull concepts. (Structural Acoustics)

(U) Devel opnent of sensors/electronics concepts to enbed in exterior coating materials to assess technol ogy
i npact / advant ages of sanpling the EMfield exterior to the hull. (El ectronagnetic Signature Reduction)

(U) Devel opnent of active and passive degaussing control techni ques based on double hull construction.
(El ectromagnetic Signature Reducti on)
COVPLETE:

(U) Devel oprment integrated nodel for advanced propul sor noise at low nmid frequencies. (Hydroacoustics)

(U) Devel opnment of nethods to predict reduction of acoustic noise due to fl ow over appendages.
(Hydr oacousti cs)

(U) Devel opnent of technology to predict far-field acoustic signature in real-time fromon-board neasurenents.
(Structural Acoustics)

(U Denonstration of proof-of-concept for controlling near-field el ectromagnetic signatures in shallow water.
(EM Si gnat ure Reducti on)

($3, 438) SUBMARI NE STRUCTURAL SYSTEMS:
CONTI NUE:

(U Investigation of double hull concepts. (Advanced Structures)
COVPLETE:

(U) Devel oprment of equi pment erul ators for aft end shock and acoustic applications. (Advanced Structures)

(U) Devel op system requirenents and sensor configurations to inplement structural nonitoring system (Advanced
Structures)

($2,517) SUBMARI NE PONER AND AUTOVATI ON:
I NI TI ATE:
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(U Investigation of electric power distribution and machi nery system automati on for inproved system
performance and reduced manni ng. (Machinery and El ectrical)

Reduced scal e denpbnstration of advanced control and notor design techniques. (Electrical)
CONTI NUE:

(U) Devel opment of alternative emergency power energy storage technol ogies. (Electrical)

(U Integrated nodeling and simulation of electric notor with nounting, shaft, propul sor and nachi nery support
systenms to investigate shipboard overall acoustic noise reduction. (Machinery)

(U) Devel opnent of nost pronmising electrically powered actuator technol ogies for reduced cost inproved
reliability steering and diving systenms. (Machinery)

(U) Devel opnent and validation analysis of 3-D design tools for quiet electric notors. (Electrical)
COVPLETE:

(U Technol ogy assessnent and devel opnent of alternative energency power energy storage technol ogies.
(Electrical)

($3, 281) SUBMARI NE MANEUVERI NG AND SEAKEEPI NG
I NI TI ATE

(U Validation of advanced maneuvering prediction codes. (Maneuvering Systens)
CONTI NUE:

(U) Denonstration of inproved ability to sinulate maneuvering in extrenme conditions. (Maneuvering and Control)
(U) Devel opnment of maneuvering effectors to increased control authority at |ow speeds. (Maneuvering Systens)
(U Hydroacoustic design and analysis for nixed flow propul sors. (Advanced Propul sors)

(U Active control for hydroacoustics. (Advanced Propul sors)
COVPLETE:

(U Validate propul sor side force technol ogy and transition to Hydrodynan cs/ Hydroacousti cs Technol ogy
Center. (Mneuvering and Control)

(%6, 358) PEBB

I NI TI ATE
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« Devel opmrent of advanced energy managenent and control concepts based on advanced regul ation, stability,

generation and storage concepts and conponents. (Advanced Concept El ectrical Systemns)

(U) CONTI NUE:

e (U) Devel opnent of advanced PEBB fast turn off nodul es. (Advanced Concept Electrical Systens)

e (U) Devel opnent of systemregul ation and stability concepts, algorithms, and conmponents. (Advanced Concept
El ectri cal Systens)

e (U) Devel opnent of energy generation and storage concepts. (Advanced Concept Electrical Systens)

(U COWPLETE:

(U Transition Cost and efficiency nodels for advanced el ectrical systens and solid-state conponents to PE

0603508N to support Electrically Re-configurable Ship Denonstrations. (Advanced Concept El ectrical Systens)

(U (%$7,274) LCG STICsS:

(U INTIATE:

e (U) Devel opnent of a subnersible cache for prepositioning equipnent. (Anphibious Logistics)
(U) CONTI NUE:

e (U) Devel opnent of expeditionary nooring technol ogy. (Anphibious Logistics)

e (U) Devel opnent of sea-based |ogistics communications |Iink. (Anphibious Logistics)
e (U) Devel opnent of existing assets for nobile piers. (Anphibious Logistics)

e (U) Devel opnent of mcro-electrical mechanical sensor systens. (Mintenance)

e (U) Devel opnent of virtual sensors. (Mintenance)

e (U Devel opnent of BIC of MEMS. (Maintenance)

(U COWLETE:

e (U Devel opnent of high power m crowave built-in test set. (Mintenance)

e (U) Devel opnent of collaborative infrastructure assessnent tool. (Infrastructure)

(U) ($3,117) ENVI RONVENTAL QUALI TY TECHNOLOGY:
(U) NI TIATE:
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2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT TI TLE:  Ship, Submarine & Logistics Technol ogy

(U) Devel opment of advanced air pollutant em ssions control and treatnment technol ogies for ships.
(Environnental |y Conpliant Platfornmns)

(U) Devel opment of advanced waste treatnent system process control technol ogy for surface ships and
submarines. (Environmentally Conpliant Pl atforns)

(U) Devel opment of ballast water non-indi genous species control technology for ships and subnarines.
(Environnental |y Conpliant Platfornmns)

(U) Devel opment of enhanced display technology for marine manmmal information systens. (Environmentally
Conpliant Pl atforns)

(U) Devel oprment of pollutant sensor technol ogy for Navy wastewater treatmnment/control systems. (Environnentally
Conpliant Shore Facilities)
CONTI NUE:

(U) Devel opnent of technol ogi es for managenent of Navy contami nated nmarine sedi nents. (Environnmentally
Conpl i ant Shore Facilities)

(U) Devel opnent of submarine heat exchanger fouling control technology. (Environmentally Conpliant Platforns)
(U) Devel opment of acoustic data | ogging technology for marine manmals. (Environmentally Conpliant Platforns)
(U) Devel opnent of marine nammal sound exposure nodel. (Environnentally Conpliant Platforns)

(U) Devel opment of automated dry dock paint application, overspray control, collection and treatnment
technol ogi es. (Environnental ly Conpliant Shore Facilities)

(U COWPLETE:

(U) Devel opnent of surface ship pollution prevention technologies; transition to NAVSEA. (Environnentally
Conpl i ant Pl at f or ns)

(U) Devel opnment of enhanced nethodol ogy for alternative approach to neet copper di scharge regul ations;
transition to NAVFAC (FAC 15R) for inplenentation. (Environnentally Conpliant Shore facilities)

(U) Devel opnent of decontani nation cleaning technology for PCBs; transition to NAVFAC (I SR) and NAVSEA 07 for
advanced devel opnent. (Environnentally Conpliant Shore Facilities)

B. (U PROGRAM CHANGE SUMVARY:
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PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT TI TLE:  Ship, Submarine & Logistics Technol ogy

FY 1998 FY 1999 FY 2000
(U) FY 1999 President’s Budget: 48,865 43,177 44,775
(U) Appropriated Value: - 56,677 -
(U) Adjustments from FY99 PRESBUD: -5,435 +12,279 -989
(U) FY 2000 PRESBUDG Submission: 43,430 55,456 43,786

(UYCHANGE SUMMARY EXPLANATION:

(U)Funding: FY 1998 changes reflect Small Business Innovative Research reduction (-$1,267) and actual update adjustments
(-$4,168). FY 1999 changes reflect Congressional Undistributed Reductions (-$221), Comparability adjustment (-$1,000) with
P.E. 0602232N and Congressional Plus ups: Intelligent Distributed Control Systems (+$1,500), Stainless Steel Double Hull
(+$2,000), Bioenvironmental Hazards (+$5,000) and Curved Plate Technology (+$5,000). FY 2000 reduction reflects program
balance adjustment (-$949), outsourcing adjustment (-$103), Navy Working Capital Fund (NWCF) rate adjustments (+$397) and
civilian personnel pay adjustments (-$334).

(U)Schedule: Not applicable.

(U)Technical: Not applicable.

C.(U)OTHER PROGRAM FUNDING SUMMARY:

(U)OTHER APPROPRIATION FUNDS: Not applicable.

February 1999
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(U) RELATED RDT&E:

*(U) PE 0601153N (Defense Research Sciences)

) PE 0602131M (Marine Corps Landing Force Technology)

) PE 0602233N (Human Systems Technology)

) PE 0602234N (Materials, Electronics, and Computer Technology)
) PE 0602314N (Undersea Warfare Surveillance Technology)

) PE 0602315N (Mine Countermeasures, Mining and Special Warfare Technology)
) PE 0603502N (Surface and Shallow Water MCM)

) PE 0603508N (Surface Ship & Submarine HM&E Advanced Technology)
) PE 0603513N (Shipboard System Component Development)

) PE 0603514N (Ship Combat Survivability)

) PE 0603553N (Surface Anti-Submarine Warfare)

)

)

)

)

)

)

)

)

)

)

PE 0603561N (Advanced Submarine Systems Development)
PE 0603563N (Ship Concept Advanced Design)
PE 0603564N (Ship Preliminary Design and Feasibility Studies)
PE 0603569E (DARPA S&T Program)
PE 0603573N (Advanced Surface Machinery Systems)
PE 0603712N (Environmental Quality & Logistics Advanced Technology)
PE 0603721N (Environmental Protection)
PE 0603726N (Merchant Ship Naval Augmentation Program)
PE 0603792N (Advanced Technology Transition)
PE 0604558N (New Design SSN Development)
) PE 0604561N (SSN-21 Development Program)
U)Under the Tri-Service Reliance Agreement, the Navy has the lead for this Navy-unique program.

V)
U
V)
U
V)
U
V)
U
V)
U
V)
U
V)
U
V)
U
V)
U
V)
U
V)
U

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

D.(U) SCHEDULE PROFILE: Not applicable.
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(U COsT: (Dollars in Thousands)

PRQIECT

NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL

TI TLE ACTUAL ESTI MVATE ESTI MATE ESTIMATE ESTIMATE  ESTI MATE ESTI MVATE ESTI MATE COWPLETE PROGRAM
Aircraft 22,428 28, 367 20, 660 22,372 22, 806 23, 755 24,619 25, 251 CONT. CONT.

Technol ogy

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON:  Thi s program devel ops technol ogy for naval aviation, with enphasis
on the denands inposed by aircraft carrier flight operations and Marine Corps anphibious and field operations relating to the
Joint Mssion Areas of Strike and Littoral Warfare. This programexploits the energing technol ogies of: (a) conposite and
matrix materials for structures to reduce airfranme and propul sion system wei ght and the effects of saltwater corrosion; (b)
reduced observabl es, (c) aerodynam ¢ desi gns of Navy-unique aircraft conponents; (d) advanced gas turbine engi ne conponent
desi gns and power systens for extended range/endurance; and (e) predicting safer, nore reliable at-sea operating envel opes.
The program provi des m ssion area anal ysis and concept definition required for the Applied Research phase of air vehicle
progr amns.

(U Aircraft Technol ogy devel ops manned and unmanned ai rborne platformtechnol ogies for future joint warfighting
capabilities to pronmptly engage regional forces in decisive conbat on a global basis and to enploy a range of capabilities
nmore suitable to actions at the Iower end of the full range of nilitary operations, which allow achi evenent of mlitary
objectives with mininum casualties and collateral damage. This elenent adheres to Defense Sci ence and Technol ogy (S&T)
Rel i ance Agreenments and supports the Department of Defense Science and Technol ogy Strategy, which coordinates and ninim zes
duplication of aircraft technology efforts. The individual Navy aircraft technol ogy exploratory efforts are selected to fil
Naval Avi ation needs that are not being net by the United States Air Force, Army, National Aeronautics and Space
Admi ni stration (NASA), Defense Advanced Research Projects Agency (DARPA) and industry prograns.
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BUDCGET ACTIVITY: 2 PROGRAM ELEMENT: 0602122N
PROGRAM ELEMENT TI TLE: Aircraft Technol ogy

(U Aircraft Technol ogy addresses the Air Platfornms Defense Technol ogy Area Pl an (DTAP), which devel ops goals and payoffs
fromboth the operational user’s and system & technol ogy devel oper’s perspective. At the Project Reliance Fixed Wng Vehicle
taxonony | evel, goals include Aerodynanics, Flight Control, Subsystems, Structures and Integration technol ogies.

The following reflects the Joint Subarea Level goals for fighter/attack aircraft for the year 2003 (baseline F-22 & F-18E/ F),:
0% increase in production cost/Air Vehicle Weight; 0%increase in devel opnent costs/Air Vehicle Wight; 20% reduction in
support costs per flight hour/Air Vehicle Wight; 10% increase in lift-to-drag; 8% reduction in Air Vehicle weight fraction;
20% i ncrease in controll abl e angl e-of-attack envel ope. Holding constant the three cost goals (0% represents a break in the
paradigm currently faced with high-performance tactical aircraft of ever increasing cost per pound of airframe. There is also
an increasing enphasis on devel opi ng technol ogy whi ch addresses the cost-of -ownership of |egacy airfranes.

(U) Based on the Secretary of Defense’s Blue Ribbon panel’'s recommendation, after studying F/A-18E/F transonic wing drop,
a joint program to develop an understanding of the fundamental flow phenomenon and develop technology to reduce /control
abrupt asymmetric wing stall of fighter aircraft will be funded under this and other program elements. This effort will fund
the development of a basic understanding of the transonic abrupt wing stall problem, figures of merit and guidelines to
prevent abrupt transonic wing stall and improve maneuverability. This effort is planned as a joint effort with Navy, NASA,
Air Force (AF) and industry.

(U) Aircraft Technology has a limited investment in Navy unique or critical technology for Rotary Wing Vehicles and
seabased vertical flight operations. These efforts are coordinated with the Army’s Rotary Wing Vehicle (RWV) science and
technology subarea under the DTAP.

(U) Other Joint Subarea Level quantified goals are addressed under the Air Platforms DTAP: Aeropropulsion (by year 2003;
baseline engine YF-119 for fighter/attack aircraft, T700/T406 for patrol/transport/rotary wing aircraft, and F107 for
missiles/Unmanned Air Vehicles (UAVs)): 100% increase in thrust-to-weight, 35% reduction in acquisition & maintenance cost,

40% reduction in fuel consumption, and 120% increase in specific thrust; and by year 2010, 150% increase in thrust-to-weight
and 50% reduction in development costs. Aircraft Power (by year 2000; baseline F-18E/F & F-22): Eliminate hydraulic system; 10
times increase in reliability.
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BUDCGET ACTIVITY: 2 PROGRAM ELEMENT: 0602122N
PROGRAM ELEMENT TI TLE: Aircraft Technol ogy

(U O her DTAPs addressed by Aircraft Technol ogy: Sensors, Electronics & Battl espace Environnent; Integrated Platform
El ectronics (by year 2005): Reduce size, weight and cooling requirements by 50% for Fixed Wng Vehicle (FW) and 40% for RW/
and 50% reduction in cost for nultifunction Radi o Frequency (RF) avionics.

(U Human Systens (by year 2001; baseline F-18E/ F & F-22): Achieve crew safe escape to 700 KEAS; 50% reduction in aircrew
wor kl oad attributable to effective crew station integration, enabling single-seat, air-to-ground precision weapons delivery at
night and in adverse weather; |nprove mssion effectiveness (50%reduction in target acquisition tinme); Inprove lethality (3:1
increase in targets killed per pass); Increase survivability (2:1 inmprovenent in kill ratio); Enhanced situational awareness
(75% reduction of head-in cockpit tine).

(U Due to the sheer volume of efforts included in this Program El enent (PE), the prograns described in the
Acconpl i shrent/ Pl ans sections are representative selections of the work included in this PE.

(U The Navy S&T programincludes projects that focus on or have attributes that enhance the affordability of warfighting
systens. This program devel ops the Conditi on Based Mi ntenance (CBM enabling technol ogies for aviation, with the enphasis on
i ncreased affordability, safety and operational flexibility. Specific goals of the programinclude an 80% reduction in
aircraft nechanical mshaps, 35%reduction in the required inventory of spare parts and a 30% reduction in overall aircraft
mai nt enance costs. This effort is part of a vertically integrated, nmulti-disciplinary programin condition based nai ntenance
that | everages from Program El enents 0602233N, 0602234N and 0601153N.

(U JUSTI FI CATI ON FOR BUDCGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvestigates technol ogi cal advances with possible applications toward solution of specific Naval problens, short of a major
devel opnent effort.

(U  PROGRAM ACCOVPLI SHVENTS AND PLANS:
1. (U FY 1998 ACCOWPLI SHVENTS:
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(U (%$6,861) PROPULSI ON & PONER

(U Conpl et ed:

- (U Aerodynam c and mechani cal design of an advanced conpression systemthat increases stage |oading by 50% and
reduces cost by 30%in a Vertical/Short TakeOf & Landing (V/ STOL) rel evant configuration

- (U Denonstration of an advanced conbustor, conpressor and turbine conponents in a subsonic core that reduces
fuel consunption by 30% and i ncreases power-to-wei ght by 40%

e (U (%$5,541) | NTEGRATED AVI ONI CS (i ncl udes DI SPLAYS AND ADVANCED COCKPI T TECHNOLOG ES)
(U Initiated:
- (U An effort that focuses on enhanced affordability and safety by advanci ng state-of-the-art maintenance
technol ogi es, and devel ops the capability for critical machinery self-diagnosis, in order to transition froma
ti me-based to a condition-based mai ntenance phil osophy. This programincludes the devel opnent of enabling
t echnol ogi es such as advanced sensing and signal processing techni ques, high speed image processing and
particulate classification (G| Analysis), galvanic, electrical potential and gui ded wave ultrasonic sensing
(Corrosion Detection) and enmbedded training with intelligent tutoring systenms and aircrew coordination protocols.

(U Conti nued:

- (U Devel opnent of prelimnary smart escape systemalgorithns to inprove aircrew survivability within the
aircraft flight envel ope.

- (U Devel opnent of prelimnary smart aircrew interface algorithnms to provide effective information nmanagenent
between the aircrew and the aircraft subsystens.

- (U) Devel opnent of an intelligent crewstation concept to unobtrusively nonitor aircrew nission performance.

- (U Devel opnent of fault tolerant processing and network el enments based on the sel ected vehi cl e managenent
system architecture and information flow control structure.

- (U Work towards nultiple platformapplicability denonstrati ons of energi ng Advanced Hel met Vi sion systens for
enhanced aircrew m ssion effectiveness and i nproved targeting accuracy.
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- (U Denonstration of conmponent building bl ock technology for a (non-noving parts) 3-Di mensional volunetric

di spl ay.

- (U Devel opnent of advanced conmon el ectronic nodul es (ACEMs) that will be smaller, and have | ess power
consunption and higher performance than their anal og counterparts, while acconplishing all the requisite
acquisition, transm ssion and digital processing of RF signals over a very wi de frequency range (50 MHz to 45
GHz). The fanmily of ACEMs consists of advanced anal og-to-digital technology and will be integrated to create
systens capable of performing nmultiple functions. This enhances affordability through a 10-fold projected decrease
in systens wei ght and power consunption, a 15-fold increase in systens performance, and substantial Life Cycle
Cost savi ngs.

(U) Conpl et ed:

- (U Design and validation of effective information fusion concepts for hel net-nmounted di splays which contribute
toward providing 3:1 inprovenent in target kills per first pass, 75%reduction in head-in cockpit tine and
enhanced situational awareness. Concepts and validation data available on nulti-nmedia CD ROM

* (U (%$2,640) PIXEL FLAT PANEL DI SPLAY CONGRESSI ONAL PLUS- UP:
(U Initiated:
- (U Devel opnent of the laboratory integration of the solid state high-brightness pixel mniature flat pane
di splay technol ogy with the enhanced Crusader Hel net Mounted Di splay precision optics and hel met/vehicle interface
assenbl y.

« (U (%4,106) NAVAL AIR VEH CLE TECHNOLOGY (fornerly FUTURE AND LEGACY Al RCRAFT TECHNOLOGY):
(U Initiated
- (U Detailed design and fabrication of an unmanned air vehicle (UAV) platformto denonstrate conversion from
rotary-wing to fixed-wing flight using a canard/rotor wing concept. This effort will include risk reduction
activities (e.g., stability & control testing, full scale engine testing, control |aw devel opnent, hardware-in-
the-1 oop sinulation, and operational anal ysis/concept of operations devel opnment).
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- (U Devel opnent of novel concepts to control or limt the suckdown, thernmal and acoustical environnent penalty
associated with the VSTOL from a surface conbatant. Develop nore accurate and efficient nodeling and prediction
capability to evaluate VSTOL aerodynami c characteristics of manned aircraft and uni nhabited conbat air vehicles
(UCAVs). Update current VSTOL design handbook for nodern configurations.

- (U Devel opnent of a corrosion-fatigue interaction analysis to support the aging aircraft service |life extension
requirenents. It provides prediction capabilities to optimnize naintenance inspection and repair thereby reducing
the correspondi ng operations and mai ntenance (&) cost by at |east 10%

- (U Devel opnent of a durability-based design criteria for bonded conposite patching of metal structures. The
product will allow a service life extension of aircraft heretofore required to be replaced by new pl atforns.

- (U Systemarchitecture for the Real-Tinme Battle and Md-Air Collision Danage ldentification Systemfor flight
control s reconfiguration.

(U Conti nued:

- (U Inprovenent of high-lift systemaircraft configurations and a validated 3D optimn zation/design nethod for
high-1ift systens.

- (U Devel opnent of nethods and concepts to alleviate enpennage buffet during high al pha nmaneuvering of
fighter/attack aircraft.

- (U Refinenent, optinization and testing of control augnmentation system nost appropriate for conpensating for
aircraft operational deficiencies in degraded operational conditions.

- (U Devel opnent of structural |ife enhancenment techni ques applicable to both new and aging aircraft to support
FY 2005 objective of increasing fatigue life by 25%

- (U Devel opnent and refinement of Ml ecular Air Data System based on |aboratory testing. Validated system
performance prediction versus testing in controlled environment and during atnospheric tests.

- (U Devel op concept for uninhabited naval strike aircraft (UNSA) to reduce future air vehicle operation and
support costs.

(U Conpl et ed:
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- (U Denonstration of wing fabrication cost savings of 15%w th the use of structural joints based on | ow cost
conposite substructure.

(U ($3,280) OXI DE PURPLE:
- (U dassified.

2. (U FY 1999 PLAN:

(U ($7,876) PROPULSI ON & PONER:
(U Initiate:
- (U Devel opnent of power electronic building blocks (PEBBs) for Naval aircraft applications.

- (U Testing of Carbon/Carbon |ightwei ght heat exchanger technology for Naval Aircraft application.
- (U Devel opnent of dynamic systemsimulation tool for electric power systens.

(U Continue:

- (U Devel opnent of technology to reduce the weight and volunme of the Inverter Converter Controller (I1CC) by 45%
in support of the More Electric Aircraft (MEA) Initiative.

- (U Devel opnent of Joint Technol ogy Denonstrator Engine (JTDE) Fighter/Attack Phase IIl Fan for 5% ncreased
efficiency, 50%increase in stage | oading and inproved distortion tol erance.

- (U Devel opnent of inprovenments in turbine system conponents to increase durability by 50%

- (U R g testing of advanced hi gh tenperature turbine sealing concepts. The reduced |eakage will result in a
fuel consunption reduction of 2 percent and increased range for both subsonic support and fighter/attack
applications.

- (U Design and fabrication of a ceramic matrix conmposite (CMC) turbine vane to increase tenperature capability
by 400 degrees over netallic designs.

- (U Design and sector rig testing of an Advanced Gas Cenerator/JTDE Phase |1l affordable conbustor. It will
provi de reduced wei ght and cost for Fighter/Attack and VSTOL applications.
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(U) Conplete:
- (U R g denonstration of a fuel flow netering systemthat will provide nore precise nmain fuel systemdelivery to

t he engi ne while reducing wei ght, production and mai nt enance costs.

- (U Denonstration of Phase Il Fighter/Attack category engine fan, turbine and afterburner conmponents in a full
engi ne configuration to increase thrust-to-weight by 60% and reduce cost by 20%

- (U R g denonstration of a radial turbine blade danping concept which reduces stresses and increases turbine
life by 50% and reduces wei ght by 20%

- (U Denonstration of a turbine blade | eadi ng edge cooling concept that will be incorporated into an engi ne
design to inmprove durability.

e (U (%$4,972) | NTEGRATED AVI ONI CS (i ncl udes DI SPLAYS AND ADVANCED COCKPI T TECHNOLCOA ES) :
(U Continue:
- (U Effort that focuses on enhanced affordability and safety by advanci ng state-of-the-art maintenance
technol ogi es, and devel ops the capability for critical nachinery self-diagnosis, in order to transition froma
ti me-based to a condition-based maintenance phil osophy.
- (U Denonstration of an intelligent crewstation concept to include an onboard conputer to continuously assess
the conditions of the pilot and the aircraft relative to the escape envel ope, and a neasurenent and control system
to unobtrusively nonitor aircrew physiol ogical functions.
- (U Devel opnent of the prelimnary aircrew interface required to support the Aircrew Decision Aiding Interface
effort.
- (U Investigation of an Advanced Multi-Mde Hel met Vision Systemto effectively merge real-tinme sensor
information as well as synthetically generated environnment imagery.
- (U Devel opnent of advanced anal og-to-digital ACEMs technol ogy to enhance air vehicle capability by performng
mul tiple avionics functions. This work is expected to transition to the 0603217N P. E. by FY0O.

(U) Conplete:
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- (U Denonstration of a smart cockpit controller to effectively manage the functions of the Iife support, escape
and control /di splay subsystens to achieve a 50% reduction in aircrew workload and 50% i nprovenment in m ssion
performance (i.e. target acquisition tine/survivability/situational awareness).

- (U Denonstration of conmponent building bl ock technology for a (non-noving parts) 3-Di nensional volunetric

di spl ay.

* (U (%$1,000) ADVANCED 1000- PLUS LI NE RESOLUTI ON CHARGED COUPLED DEVI CE (CCD) Il N GHT VI SI ON CAMERA CONGRESSI ONAL
PLUS- UP
(U Initiate:
- (U) Design, fabrication and bench testing of a CCD camera breadboard nmock-up. This will assess its suitability
to neet safety criteria for a head-supported weight, ejection safe, high resolution canera for eventual
integration into the Crusader day/night helnmet vision system

e (U ($%$5,443) NAVAL AIR VEH CLE TECHNOLOGY (fornerly FUTURE AND LEGACY Al RCRAFT TECHNOLOGY ):
(U Initiate:
- (U Devel opnent of technology to reduce/control abrupt asymetric wing stall (w ng drop) of fighter aircraft.
Devel op the basic understanding, figures of nerit and guidelines to prevent abrupt transonic wing stall and
i mprove maneuverability under a joint effort with Navy, National Aeronautics and Space Adm nistration (NASA), Air
Force and industry.

(U Continue:

- (U Design, fabrication and testing of a UAV to denonstrate conversion fromrotary-wing to fixed-wing flight
using a canard/rotor w ng concept.

- (U Devel opnent of novel concepts to control or limt the suckdown, thernmal and acoustical environnent penalty
associated with the VSTOL from a surface conbatant. Develop nore accurate and efficient nodeling and prediction
capability to evaluate VSTOL aerodynamic characteristics of manned aircraft and UCAVs. Update current VSTCL
desi gn handbook for nodern configurations.
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- (U Devel opnent of a corrosion-fatigue interaction analysis to support the aging aircraft service |life extension
requirenents. It will provide prediction capabilities to optim ze mai ntenance inspection and repair thereby
reduci ng the correspondi ng O&M cost by at |east 10%

- (U Devel opnent of a durability-based design criteria for bonded conposite patching of netal structures. The
product will allow a service life extension of aircraft heretofore required to be replaced by new pl atforns.

- (U Devel opnent of structural |ife enhancenment techni ques applicable to both new and aging aircraft to support
FY 2005 objective of increasing fatigue life by 25%

- (U Devel opnent of inproved tactical aircraft high-lift systemconfigurations and a validated 3-di nensi onal
optim zation/design nethod for high-l1ift systens.

(U Conpl ete:

- (U Devel opnent of guidelines to alleviate enpennage buffet during high al pha maneuvering of fighter/attack
aircraft. Devel opment of coupl ed unsteady aerodynam cs and structures interaction nethods. Contributes to FY-
2000 objective of reducing twin-tail buffet by 20%

- (U Joint Service Flight denonstration of an Advanced Ml ecul ar Optical Air Data acquisition sensor.

- (U Denonstration of Nonlinear Adaptive Control Al gorithns on both damaged and undamaged aircraft sinmulations.
- (U Denonstration of danmmge identification and estinmation algorithms on a high fidelity nonlinear six degree of
freedom hi gh perfornmance aircraft simnulation.

(U) ($5,000) VECTORED THRUST DUCTED PROPELLER (VTDP) HELI COPTER CONGRESSI ONAL PLUS- UP

(U Initiate:

- (U Evaluation of the capability of the VIDP Conpound Helicopter technology to: (i) perform enhance Airborne
M ne Count er- Measures (AMCM, (ii) inmprove multi-mssion rotorcraft speed, range, survivability and reduce life
cycle cost, (iii) evaluate and mitigate the inpact of increased weight enpty and hover power required, and (iv)
utilize the H 60 as the technol ogy demonstration platform

- (U Prelimnary design of the YSH 60/ VTDP conpound denonstrator; conceptual design & operational
performance/life cycle cost assessnent of a CH 60/ VTDP production upgrade configuration.

- (U Conponent detail design & risk reduction.

R-1 Line Item5
Budget Item Justification
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602122N

PROGRAM ELEMENT TI TLE: Aircraft Technol ogy

- (U Mdeling & piloted sinmulation.
- (U Refinenent of the Flight Denonstration Program Pl an.

(U Conplete (additional work funded from FY96 Congressional Plus-up):
- (VU Full-scale VIDP fabrication and ground testing.

(U ($%$3,701) OXI DE PURPLE:
- (U dassified.

(U ($375) Snall Business Innovation Research (SBIR). Portion of extranmural programreserved for Small Business
I nnovati on Research assessnent in accordance with 15 USC 638.

3. (U FY 2000 PLAN:

(U ($8,417) PROPULSI ON & PONER

(U Initiate:

- (U Design of low cost efficient fuel control systemto reduce weight and operate at hi gher fuel tenperatures
for Fighter/Attack and UCAV systens.

- (U Sector rig test of a CMC conbustor for subsonic, UCAV and rotary wing aircraft applications. It wll

i ncrease conbustor tenperature 900 degrees F for reduced fuel consunption and increased power density.

(U Continue:

- (U Devel opnent of technology to reduce the weight and volune of the Inverter Converter Controller (ICC) by 45%
- (U Devel opnent of PEBBs for Naval aircraft applications in support of the MEA initiative.

- (U Devel opnent of dynanmic systemsinulation tool for electric power systens.

- (U Design and fabrication of JTDE Phase Il Fighter/Attack Fan for increased efficiency stage |oading and

di stortion tol erance.

- (U Devel opnent of inprovenments in turbine system conponents to increase durability by 50%

R-1 Line Item5
Budget Item Justification
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDCGET ACTIVITY: 2 PROGRAM ELEMENT: 0602122N
PROGRAM ELEMENT TI TLE: Aircraft Technol ogy

- (U Rgtesting of a CMC turbine vane to increase tenperature capability by 400 degrees over netallic designs.

(U Conpl ete:
- (U Testing of a Carbon/Carbon |ightweight heat exchanger technol ogy for application in Naval aircraft.
- (U R g testing of advanced hi gh tenperature turbine sealing concepts. The reduced |eakage will result in a

fuel consunption reduction of 2% and reduced costs of 50% for increased range for both subsonic support and
fighter/attack applications.

- (U Sector rig test of an Advanced Gas CGenerator/JTDE Phase |11 affordable conbustor. It will provide reduced
wei ght and cost for Fighter/Attack and VSTOL applicati ons.

- (U Denonstration of Fighter/Attack category engine fan, turbine, fuel nmetering system and afterburner
conmponents in a full engine configuration to increase thrust-to-weight by 60% and reduce cost by 20%

« (U (%4,169) |NTEGRATED AVI ONI CS (i ncl udes DI SPLAYS AND ADVANCED COCKPI T TECHNOLCJ ES) :
(U Continue:
- (U Refinenment and validation of smart escape al gorithmns.
- (U Validation of adaptive automation algorithns for nmanaging the snart aircrew interface.
- (U Integration of smart escape, smart aircrew interface, and smart |ife support systems into future tactical
cockpit simul ator.
- (U Integration of high definition display prototype into flight worthy nulti-node hel met vision system
configuration.

(U) Conplete:

- (U Effort that focuses on enhanced affordability and safety by advanci ng state-of-the-art maintenance

technol ogi es, and devel ops the capability for critical nachinery self-diagnosis, in order to transition froma
time-based to a condition-based maintenance phil osophy.

- (U Building block hel net nmounted display technology for transition to Fleet via the Joint Hel met Munted Cueing
System (JHMCS); basic magnetic head tracker, common hel met vehicle interface, visor optics, and m niature cathode
ray tube technol ogy.
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDCGET ACTIVITY: 2 PROGRAM ELEMENT: 0602122N
PROGRAM ELEMENT TI TLE: Aircraft Technol ogy

(U (%$4,474 ) NAVAL AIR VEH CLE TECHNOLOGY:
(U Initiate:
- (U) Devel opnent of technology for integrated multi-disciplinary optinization of manned aircraft and UAVs.
- (U Devel opnent of a statistically based flight certification design criteria. Such an approach will reduce
experinmental requirenents thereby reduci ng devel opnent cost by 10% allowi ng for optiml use of conplex conposite
architectures providing weight reduction by 20% and acqui sition cost by 10%
- (U) Devel opnent of flight control technology for an autonated nmaneuveri ng systemthat assists the pilot in air-
to-air and air-to-ground conbat phase and in nmaritine operations.

(U Continue:

- (U) Design, fabrication and flight testing of a UAV to denonstrate conversion fromrotary-wing to fixed-w ng
flight using a canard/rotor w ng concept.

- (U Devel opnent of figures of nerit and design guidelines to prevent abrupt transonic asymmetric wing stall.
Joint effort with Navy, NASA, Air Force and industry.

- (U) Devel opnent of concepts which will provide on-denand enhancenent or degradation of the jet exhaust m xing
process for enhanced Advanced Short Takeoff Vertical Landing (ASTOVL) performance for manned aircraft and UCAVs.
- (U Devel opnent of a corrosion-fatigue interaction analysis with enphasis on random scatter of material
properties.

- (U) Devel opnent of a reliability analysis capability for bonded conposite patching of cracked nmetallic
structure.

(U) Conplete:
- (U Inproved tactical aircraft high-l1ift system configurations and a validated 3-di nensional optimnzation/design

net hod for high-lift systens.

. (U) ($3,600) OXI DE PURPLE:
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDCGET ACTIVITY: 2 PROGRAM ELEMENT: 0602122N
PROGRAM ELEMENT TI TLE: Aircraft Technol ogy

B. (U PROGRAM CHANGE SUMVARY:
FY 1998 FY 1999 FY 2000
(U) FY 1999 President’s Budget: 24,553 23,229 22,735

(U) Appropriated Value 29,229 0

(U) Adjustments from FY 2000 PRESBUDG:
-2,125 +5,138 -2,075

(U) FY 2000 PRESBUDG Submission 22,428 28,367 20,660
(U CHANGE SUMMARY EXPLANATION:

(U) Funding: FY 1998 adjustments reflect Small Business Innovation Research (SBIR) reduction (-$427); Actual Update
adjustments (-$1,698). FY 1999 adjustments reflect Congressional Undistributed Reductions (-$362); Comparability
adjustments (-$500); Congressional Plus-Up Vectored Thrust Ducted Propeller and (-$1,000) Night Vision Camera.
(+$5,000). FY 2000 adjustments reflect Program Rebalancing (-$1,760); Civilian Pay Rates adjustment (+$45); Non Pay
Inflation adjustment (-$300); Navy Working Capital Fund (NAWC) adjustment (-$60).

(U) Schedule:. Unavailability of NASA wind tunnel will delay completion of a FY99 effort to develop a 3-D
optimization/design method for high lift systems.

(U) Technical: Not applicable.
C. (U OTHER PROGRAM FUNDING SUMMARY: Not Applicable.
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602122N

(U) RELATED RDT&E:

PROGRAM ELEMENT TI TLE: Aircraft Technol ogy

I ntegrated H gh Performance Turbine Engi ne Technol ogy (I HPTET), and Aircraft Power),
Envi ronment (Integrated PlatformEl ectronics), and Human Systens.

(U Work in this Program El ement (PE)

PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE

0601101F (Geophysi cs)

0601102F (Materi al s)

0601153N (Def ense Research Sci ences)

0602201F (Aerospace Flight Dynam cs)

0602202F (Human Systens Technol ogy)

0602203F ( Aerospace Propul sion)

0602204F ( Aerospace Avi onics)

0602233N (Human Systens Technol ogy)

0602234N (Materials, Electronic and Conputer Technol ogy)
0602708E (Cockpit Autononous Landi ng)

0603003A (Rotary Wng Aircraft Technol ogy)

0603106F (Logistics Systens Technol ogy)

0603112F (Advanced Materi al s)

0603202F (Aerospace Propul sion Subsystens | ntegration)
0603205F (Flight Vehicle Technol ogy)

0603211F (Aerospace Structures)

0603216F (Aerospace Propul sion and Power Technol ogy)
0603217N (Air Systenms and Weapons Advanced Technol ogy)
0603231F (Crew Systens and Personnel)

0603238N (Precision Strike & Air Defense Technol ogy)
0603245F (Advanced Flight Technol ogy |ntegration)
0603706N ( Medi cal Devel opnent (Advanced))

0603707N (Manpower, Personnel, and Traini ng Advanced Technol ogy Devel opnent)
0603792N (Advanced Technol ogy Transition)

R-1 Line Item5
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DATE: February 1999

Sensors,

Thi s program adheres to Defense S&T Reliance Agreements on Air Vehicles (Fixed Wng, Rotary W ng,

El ectronics & Battl espace

is related to and fully coordinated with efforts in the follow ng PEs:
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDCGET ACTIVITY: 2 PROGRAM ELEMENT: 0602122N
PROGRAM ELEMENT TI TLE: Aircraft Technol ogy

(U Advanced Technol ogy Transition in accordance with the ongoi ng Reliance joint planning process and contains no
unwarrant ed duplication of effort anmong the Mlitary Departnents.

D. (U SCHEDULE PROFI LE: Not applicable.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit)

DATE

February 1999

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Exploratory Development 0602131M Marine Corps Landing force C3001
Technology
COST (In Th d FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 Cost to Total Cost
(In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Estimate Complete
C3001 Marine Corps Landing Force Technology 12478 12970 10534 9867 11653 11715 11936 12202| Continuing| Continuing
Quantity of RDT&E Articles 0 0 0 0 0 0 0 0 0 0

A. (U) Mission Description and Budget Item Justification:

(U) The basic roles and missions of the Marine Corps (the seizure and defense of advanced naval bases, the conduct of Iand operations essential to the naval campaign,
and other such duties as the President may direct) are specified in Title 10 USC 5063. The National Security Act of 1947 and DoD Directive 5000.1 are the basis for
conducting this Marine Corps effort.

(U) By law, the Marine Corpsis tasked to develop, in conjunction with the Army and Air Force, those phases of amphibious operations that pertain to tactics,
techniques, and equipment used by the landing force. This program element (PE) is executed under project MQ1A. It is organized into five Warfighting Imperatives by the

Science and Technology (S& T) Roundtable process. These Warfighting Imperatives are: Command and Control, Maneuver, Logistics, Firepower, and Training and
Education.

(V) The primary objective of this Program Element (PE) isto develop and demonstrate the technol ogies needed to meet the Marine Corps unique responsibility for
amphibious warfare and subsequent operations ashore. This PE provides the knowledge base to support Advanced Technology (6.3) and is the technology base for future
amphibious/expeditionary warfare capabilities. This PE supports the Concept Based Requirements System of the Marine Corps Combat Development Center (MCCDC) and
responds directly to the USMC S& T Roundtable process managed by MCCDC and Marine Corps Systems Command.

(U) JUSTIFICATION FOR BUDGET ACTIVITY: This program is budgeted within the Applied Research Budget Activity because it investigates technological advances
with possible applications toward solution of specific Marine Corps problems, short of a major development effort.

R-1Lineltem6 Budget Item Justification
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) ™ February 1999
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Exploratory Development 0602131M Marine Corps Landing force C3001
Technology

(U) PROGRAM ACCOMPLISHMENTS AND PLANS.

(U) FY 1998 Accomplishments:

+ (U) S

+ (U)S

3249

1999

Maneuver Imperative: Completed Preliminary Design of tunable filter multi-spectral camera upgrade for mine detection and processing
software development and transitioned to Coastal Battlefield Reconnaissance and Assessment (COBRA) ATD; multi-spectral laser diode array
for night illumination were designed and fabricated. Completed Technical Assessment of the Small Unit Riverine Craft (SURC). Completed
Technical Configuration Description of SURC to support Technology Demonstrator craft in FY 99 and support USMC Riverine Center of
Excellence for future operational concept development. Completed Technical Analysis of Mine Countermeasure systems that can be applied to
Marine Corps Ground Combat vehicles to support on-the-move, In-Stride mine countermeasure. Completed Technical Analysis of Urban
Warfare mobility study to address systems that can be applied to Marine Corps Ground Combat vehicles to support enhanced operationsin
urban environments. Continued long term corrosion exposure testing of materials, components and coatings that will be on future USMC
platforms. Findings from 30 month exposure test supported the USMC Advanced Amphibious Assault Vehicle (AAAV) program in hull
material downselection and provided a cost avoidance of greater than $50 million, in addition to Logistical V ehicle System Replacement
(LVSR) and Medium Tactical Vehicle Replacement (MTVR). Helo-Transportable Tactical Vehicle participated in USMC STEEL KNIGHT
exercise, US Special Operations exercises, and USMC Urban Warrior Limited Objective Exercises. These exercises support the operational
capabilities definition for the Reconnaissance, Surveillance and Targeting Vehicle (RST/V) program. Completed Hull Life Analysis of the
USMC Family of Light Armored Vehicles (LAV). Thisanalysis supports the PMs acquisition plan to conduct a 10 year Service Life
Extension Program. Completed testing and reporting of Joint Advanced Survivability Experiment program (classified).

Firepower Imperative: Continued development of sensor testbed (alignment/registration). Investigated sensor-to-shooter fire control systems
integration. Demonstrated non-magnetic North-finding Azimuth systems. Investigated target discrimination systems integration into Advanced
Field Artillery Tactical Data System (AFATDS). Investigated and demonstrated technology to Enhanced Target Acquisition and Location
(ETALYS) (formerly Forward Observer/Forward Air Controller (FO/FAC)). Investigated advanced small arms weapons systems.
Demonstrated fire-from-enclosure technology for shoulder launched weapons systems. Continued Broad Area Announcement (BAA)
solicitation/award cycle. Began integration of sensor technology into prototype Remote Reconnaissance Tactical Vehicle (RSTV).

R-1Lineltem6 Budget Item Justification
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1999

DATE

BUDGET ACTIVITY

2 - Exploratory Development 0602131M Marine Corps Landing force C3001

PE NUMBER AND TITLE PROJECT

Technology

- (V) S

e (V) S

- U3

(U)Total $

2958 _Command and Control Imperative: Cﬁnpleted requirement analysis and technology assessment for synchronizing information in order to

3372

900

12478

achieve afederated database capability, developed necessary algorithms, and initiated the prototype design. Developed Communications
Program Plan and strategy for the analysis and evaluation of DoD Mobile Network Radio programs. The analysisincluded verification
modeling capability for mobile network radios to ensure they meet USMC requirements. Conducted analyses of potential candidate systems
and prepared technical specifications for prototype system requirements. Completed the development of the Smart Tactical Jammer by
expanding the spectrum of signals that can be attacked to include cellular and Personal Communications Systems (PCS). Initiated the
development of afamily of light weight expendable jammers using technology developed by the Cellular/PCS industry. Conducted analyses
and developed a conceptual design for a Time Difference of Arrival (TDOA) system for precision location of communication transmitters.
Initiated the devel opment of software tools to provide USMC Commanders with decision support aids for battlefield decision making and
programs to automatically generate, process and transfer Target List information to AFATDS and Contingency Theater Automated Planning
System (CTAPS). Evaluated Commander’s Critical Information Requirements Enhancement tools. Enhanced Unit Operatiorc€gnte
development.

Logistics Imperative: Continued system development of Logistics Information Systems which focused on decision suppdrttdals
warehousing. Decision support tool technology exploratiorutiirahe BAA process included the use of neural networks, expert agents,
mathematical modeling, spreadsheet modeling, and spares based modeling to increase visibility into the logistics pictarehd@eiag
technologies included smart notification and data push, data warehouse modules to facilitate mining from mainframe legaagpdyste
technology to maintain data integrity, and web server architectures that can support both upper and lower command sirdeplm®th
environment. Developed bulk liquids technologies in support of future seabasing concept development, focused on inpac&tigmmn
and distribution. Continued modeling and simulation support and technology development plan for future mission ared&apaystnew
technologies for high power density generators and deployable power distribution. Explored new technologies for expeaftioavy.
Supported transition of validated logistics equipment systems evolvinggthdvanced Warfighting Experiments.

Training and Education Imperative: Continued Rapid Virtual Data Base development. Developed intelligent automat€oftirassd
training technology concept development. Began Integrated Family of Simulators concept development. Initiated effolrtdnit Smal
Tactical Training (SUTT).
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) ™ February 1999
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Exploratory Development 0602131M Marine Corps Landing force C3001
Technology

(U) FY 1999 Planned Program:

e (V) S
- USs
- US

3464

2178

3590

Maneuver Imperative: Conduct risk reduction for the RST/V platform and payload integration. Complete integration of survivability
technology with RST/V and LAV and tested. Fabricate, integrate and test tunable filter multi-spectral camera upgrade for COBRA enhanced
detection capability. Complete mine detection processing software development and test. Initiate investigation leading to the technology to
enhance mobility of tactical systems. Continue corrosion and materials research and testing with insertion of technologiesin Light Armored
Vehicle/Medium Tactical Vehicle Replacement/Logistics Vehicle System (LAV/MTVR/LVS). Complete market survey of commercial craft
and propulsion components to satisfy the Small Unit Riverine Craft (SURC). Conduct detailed analysis and modeling of notional solutions to
support Mine Countermeasure systems that can be applied to Marine Corps Ground Combat vehicles to support on-the-move, in-stride mine
countermeasure. Prepare acquisition plan and supporting documents for commencement of developmental program to test hardware i n
FY00/01. Conduct joint planning with US Army to leverage existing or non-developmental itemsto USMC needs. Continue long term
corrosion exposure testing of materials, components and coatings that will be on future USMC platforms. Conduct in-field testing of advanced
components and coatings on light and medium tactical vehicles. Helo-Transportable Tactical Vehicles participating in USMC Urban Warrior
Advanced Warfighting Experiment and support Light Strike Vehicle acquisition program with Operational Evaluation and technical requirement
assessments. Develop advanced hardware/software components for intergration and transition into ongoing acquisition efforts for the Coastal
Battlefield Reconnaissance and Analysis (COBRA).

Firepower Imperative: Continue advanced lightweight weapons advanced technology efforts. Continue sensor integration technology efforts.
Demonstrate advanced Enhanced Target Acquisition and Location technology. Continue sensor technology integration into RSTV.

Command and Control Imperative: Support USM C requirements for Joint Networked Radios by prototyping modules and capabilities that the
USMC will insert into the requirements of the Joint Program Office. Demonstrate communication technologies that are of high rdevance to
evolving USMC warfighting objectives for possible insertion into joint communication requirements. Field demonstrated capability to jam
cellular and other PCS devices that may be utilized for military purposes. Demonstrate technology capability for further miniaturization of
expendable jammers. Field test target management capability for AFATDS and CTAPS and evaluate the requirement for targeting deconfliction
including Naval surface firesin a USMC target management system. Assess the requirement and benefits of converting software developments
to evolving Windows NT interface capabilities being made available by Marine Corps Tactical System Support Activity (MCTSSA) and
Defense Information Systems Agency (DISA).

R-1Lineltem6 Budget Item Justification

(Exhibit R-2, Page 4 of 7)

UNCLASSIFIED




DATE

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1999
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Exploratory Development 0602131M Marine Corps Landing force C3001
Technology

(V) 2350 Logistics Imperative: Continue system development of Logistics Information Systems, focusing on decision support tools and data warehousing.
Incorporate technology for asset visibility, to include warranty tracking of high dollar items, electronic issue and direct vendor support for
supply. Continue to develop bulk liquids technologies in support of future seabasing concept development, focusing on innovation in packaging
and distribution. Additiona attention will be focused on addressing the seamless Naval movement of bulk liquids from ship to shore, to include
water, and to include unit issue or water in an NBC environment. Concept exploration in precision logistics, including containerized deployable
warehousing, concept exploration for technologies to improve vehicle supportability over the full life cycle, and integrated diagnostics.

- U) S 1264 Training and Education Imperative: Continue Rapid Virtual Data Base development. Continue development of intelligent autamated forces and
test and operational simulations. Continue training technology concepts development. Continue Integrated Family of Simulators development
and test with Closed Loop Artillery Simulator (CLAS), Combat Vehicle Trainer (CVT). Continue effortsin Small Unit Tactical Training
(SUTT).

- U)$ 124 Portion of extramural program reserved for Small Business Innovation Research (SBIR) assessment in accordance with 15 USC 638.

(U)Totd $ 12970

(U) FY 2000 Planned Program:

c (V) S
- Us
c (V) S

3284 Maneuver Imperative: Conduct risk reduction for the RST/V platform and payload integration. Complete integration of survivability
technology with RST/V and LAV and test. Complete integration and testing of enhanced minefield multi-spectral sensor, illuminator and
processor. Test technology to enhance mobility of tactical systems. Continue corrosion and materials research and testing with insertion of
technologiesin LAV/MTVR/LVS. Begin design for advanced Mine Countermeasure systems that can be applied to Marine Corps Ground
Combat vehicles to support on-the-move, In-Stride mine countermeasure. Continue long term corrosion exposure testing of materials,
components and coatings that will be on future USMC platforms. Helo-Transportable Tactical Vehicles participating in USMC Capable
Warrior Limited Objective Experiments and Extending the Littoral Battlespace ACTD experiments acting as surrogate platform for RST-V
ATD.

1000 Firepower Imperative: Continue sensor integration technology efforts. Demonstrate advanced ETALS technology. Demonstrate sensor
technology integration into RSTV.

2850 Command and Control Imperative: Demonstrate TDOA location finding in field tests with both USMC and Joint data link connectivity and
fusion of data. Provide integrated intelligence database object manipulation for more realistic threat representati ons than icon presentations.
Theintelligence database presentations shall support both local and theater entries. Extend web based interfaces to tactical computer
applications for selected visibility at lower echelons.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1999

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT

2 - Exploratory Development 0602131M Marine Corps Landing force C3001
Technology

(V) 2316 Logistics Imperative: (-Zontinuelogisxicstechnologyefortsin direct support of emerging USMC logistics system and requirements. Continue

specific technology development and insertion in the areas of Logistics Information Resources and Precision Logistics. Continue rapid
prototype and experimentally validated logistics equipment concepts into Marine Corps acquisition programs.

- (U) S 1084 Training and Education Imperative: Complete Rapid Virtual Data Base development and demo. Continue development of intelligent automated
forces and test and operational simulations. Continue training technology concepts development. Continue Integrated Family of Simulators
development and test with the Small Unit Tactical Trainer (SUTT). Initiate effortsin training technology.

(U)Totd $ 10534

B. (U) Project Change Summary FY 1998 FY 1999 FY 2000

(U) Previous President’'s Budget 13458 12132 10609
(U) Adjustments to Previous President’s Budget -980 +838 -75
(U) Current Budget Submit 12478 12970 10534

(U) Change Summary Explanation:
(U) Funding: FY98 decreases and increases are due to reprioritization of programs within the Marine Corps. FY 199@incdezseases reflect a
Congressional increase of One (1) million dollars for advanced hardware/software development for COBRA and minor aféatjlesifignts in the amount of
162 thousand. FY 2000 decrease is due to revised economic adjustments.

(U) Schedule: Not applicable.

(U) Technical: Not applicable.

C. (V) Other Program Funding Summary FY 1998 FY 1999 FEY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FEY 2005 To Total
(APPN, BLI #, NOMEN) Compl Cost

Not applicable.
(V) Related RDT&E

(U) This program adheres to Tri-Service Reliance Agreements in Chemical/Biological Defense; Command, Control and CommQuingé&atienal Air/Surface
Weaponry; Electronic Devices; Ground Vehicles; Ships and Watercraft; Manpower and Personnel; and Training Systems.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) ™ February 1999
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Exploratory Development 0602131M Marine Corps Landing force C3001
Technology

(U) PE 0603606A (Improved 5isper$d Explosiv&s Technology)
(U) PE 0603619A (Improved Dispersed Explosives Technology)
(U) PE 0603611M (Marine Corps Assault Amphibious Vehicles)
(U) PE 0603612M (Marine Corps Mine/Countermeasures Systems)
(U) PE 0206623M (Marine Corps Ground Combat/Supporting Arms Systems)
(U) PE 0206624M (Marine Corps Combat Services Support)
(U) PE 0603635M (Marine Corps Ground Combat/Supporting Arms Systems)
(U) PE 0603640M (Marine Corps Advanced Technology Demonstrations)
(U) PE 0602232N (Space and Electronic Warfare (SEW) technol ogy)
(U) PE 0603782N (Shallow Water Mine Countermeasures Demonstrations)
(U) PE 0206313M (Marine Corps Air Ground Task Force Command/Control/Comm/Computers & Intel (MAGTF C4l)
(U) The Army, Air Force, and Navy Technology Base Programs are monitored by Marine Corps Project Officers through their counterparts in those organizations to ensure
that no unwarranted duplication exists.

D. (U) Schedule Profile: Not applicable.
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(U COsT: (Dollars in Thousands)

PRQIECT FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
NUMBER &  ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MVATE COWPLETE PROGRAM
TI TLE

C3I SR 54,084 68, 108* 68, 823 70, 272 72,726 76,111 77,904 79, 762 CONT. CONT.

*FY 1999 transfer during execution from PE 0605866N to correct budgeting error (+1,100)

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: Thi s Program El ement (PE) supports future comrand, control
comuni cations (C) and intelligence, surveillance & reconnai ssance (I1SR) systems for surface, air and space platforns and
ashore for Naval Warfare. C technol ogy focuses on the delivery of critical, tinme sensitive, tactical information to
deci si on nmakers for fusion and managenent of information between the warrior, comand centers, and National Conmand

Aut horities. Technol ogy devel opnents include network Centric architecture and information infrastructure, intelligent
infornmati on exploitation and retrieval, consistent tactical picture devel opment, collaboration environnents, and

i nteractive decision support including continuous plan-execute cycles, and navigation. The major goal is to provide the
Navy with the capacity to interconnect governnent and conmercial tel ecomuni cation assets, worldw de, that is efficient
and responsive to regional theater chall enges and the National interest. Surface/Aerospace |SR technol ogy enphasi zes
advanced sensor and processing systens for theater wide air and surface surveillance, battle group surveillance, real-tine
reconnai ssance and ship self-defense. Mjor technol ogy goals include increased |ong-range target detection and

di scrimnation, precision track and positive target identification in conplex counterneasure and adverse environnental
conditions. Both C and ISR technol ogies directly support the Joint Warfighter M ssion Areas and Areas of Precision Force
(Strike Warfare) including Littoral Warfare, Conbat Identification (ID), Joint Theater Mssile Defense, and Infornation
Superiority. Specifically: Precision Force efforts address technology issues in real-tinme targeting, |ong range target
detection, track and engage and Battle Danmage Assessment (BDA). Prograns include mission planning, en-route C’, precision
targeting, nultisensor fusion, and tenporal and spectral discrimnation algorithns. Precision Force in the Littorals
addresses issues in air and surface battl espace and devel ops technol ogy for ship self-defense, cooperative engagenent and
power projection systens including ship-based and off-ship radar and el ectro-optic/infrared (EQIR) sensors, connectivity
and robust, enduring conmunications. |SR technol ogy efforts address issues of precise target location and real-tine
targeting, counter-jamm ng and deception. Programincludes multi-platformradar and (I R) sensors for detection
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identification, tracking, BDA, and tinely distribution of surveillance information to all levels of command. C efforts
addr ess Networked Operations supported by distributed collaborative battle nanagenent. Operational focus areas are
littoral warfare, strike and operations other than war (OOTW e.g. humanitarian assistance. This PE enphasi zes sensors
and C technol ogy to provide Naval Warfighters with seanl ess, tinely situational awareness of the total battlespace and
i ndi cations and warning of threat operations and intentions.

(U These efforts support the Joint Warfare Strategy "Forward... Fromthe Sea". Programs are jointly planned in the Defense
Technol ogy Area Planning Process within the Departnent of Defense.

(U Due to the sheer volune of work included in this PE, the prograns described in the Acconplishments and Pl ans sections
are only representative selections of the work included in this PE and not an exhaustive presentation

(U The Navy Science and Technol ogy (S&T) programincludes projects that focus on or have attributes that enhance the
affordability of warfighting systens.

(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvestigates technol ogi cal advances with possi bl e applications towards solution of specific Naval problens short of a ngjor
devel opnent effort.

(U) PROGRAM ACCOWPLI SHMVENTS AND PLANS:
1. (V) FY 1998 ACCOWPL| SHVENTS:

. (U) (%$20,430) RADAR TECHNOLOGY: The Radar Technol ogy programinvestment addresses Navy surveillance needs and
expl oits radar sensor technol ogy opportunities. Enphasis is on major platfornms such as ships and aircraft and
cross cutting technol ogies that apply across platforns. Major drivers include affordability and sensor
performance in conplex target, Electronic Counterneasure (ECM and adverse environnmental conditions including
operations in the littorals.

- (U) Devel oped nulti-band shi pboard radar system architecture including design concepts for a nulti-frequency
band, electronically steered phased array to enable search, track and engage functions froma single topside
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radi o frequency (RF) Aperture. This effort is also assessing effectiveness of adaptive waveforns for
suppressing effects of clutter and ECM on system dynam c range. Addresses DD 21 needs to reduce topside
signatures by reducing the number of RF apertures required for radar operations.
- (U Fabricated scale nodel of voltage controlled di ode affordabl e phased array radar for performance
assessnment. Cost of a shipboard four-face voltage controlled diode antenna array is estimted to be 20% of the
cost of current active elenment, phase shifter steered arrays. Addresses Navy needs for affordable high
performance radar antennas. Program was enabl ed by previous Small Business Innovation Research (SBIR) program
i nvest ment .
- (U) Devel oped design for MIIlineter Wave H gh Resol ution Radar denonstration nodel to eval uate detection and
precision track performance for short range, ship defense operations in countering high dynam c anti-ship
m ssiles. Addresses Navy needs for precision fire control quality tracking and cueing of anti-ship mssile
def ense engagenent systens Program Executive O ficer, Theater Air Defense (PEO TAD, NO91).
- (U Devel oped scal e nodel ultra high frequency (UHF) non rotating electronically scanned phased array that is
form fit and function with current Navy E-2C Aircraft rotodone antenna configuration. |ldentification Friend or
Foe (I FF) antennas for 360° field of view (vice current 120 degree)are integral to the antenna and rot odone
structure. Addresses PEO T/ PMA- 231 needs for radar surveillance and tracking of cruise and theater ballistic
mssiles in littoral regions.
- (U Initiated systens study to deternine extent of upgrade to the Muntaintop experinmental radar necessary to
enabl e future technology feasibility denpobnstrations in theater ballistic mssile and cruise nmissile defense
scenarios. This study is being conducted in conjunction with Pacific Mssile Range Facility staff to insure
conpatibility with range operations.
- (U) Devel oped conpact UHF digital receiver for E-2C AN APS-145 radar inprovenent program Uilized Defense
Advanced Research Projects Agency (DARPA) advances in Mcrowave Mnolithic Integrated Crcuit (MMC) technol ogy
to realize a high perfornmance direct RF to digital receiver (that is |ess than one tenth the size and wei ght of
current E-2C receiver). Addresses PEO A/ PMA-231 needs.
- (U) Established a programto devel op airborne nulti-node radar technol ogy to enabl e i magi ng of stationary and
nobil e | and and sea targets froma single radar system Technol ogy needs of Navy AN APS-137 (PMA-290) and Joint
Surveil |l ance Target Attack Radar System (JSTARS) are addressed.
- (U Laboratory and field tested ultra w deband very high frequency (VHF/ UHF) radar for conceal ed/ buried
target detection, location and inmaging. Hyper resolution techniques have been devel oped to maxi nize inage

R-1 Line Item8

Budget Item Justification
(Exhibit R-2, page 3 of 22)

UNCLASSIFIED



UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIMVITY: 2 PROGRAM ELEMENT: 0602232N
PROGRAM ELEMENT TI TLE: Conmuni cati ons, Command and Control, Intelligence
Surveil | ance & Reconnai ssance (C3l SR

quality and to nmininmize false alarm This programis coordi nated with Def ense Advanced Research Project Agency
(DARPA), Arny and the Defense Intelligence Agency.

- (U Conpleted Joint Programwith Air Force and DARPA to devel op Autonatic Target Recognition technol ogy
including algorithns to extract and correlate target el ectromagnetic and di nmensional characteristics from high
resol ution radar profiles and imagery. Addressed needs identified by Joint Conbat ldentification Ofice

(JA DO, CNO Ne6, for high confidence target identification systens that are insensitive to target aspect angle
and dynamics. Technol ogy planned for transition to United States Air Force (USAF) F-16 in FY1999.

- (U Denonstrated high resolution, passive imaging mllimeter wave radi ometric sensor for covert, all weather
strike targeting, target identification and battle damage assessnent. The sensor produced clearly defined

i mges of visibly obscured (Fog) ground structures and vehicles such as buildings, bridges and various trucks
and arnored vehicles. This denonstration sensor was enabled by mllinmeter wave focal plane technol ogy devel oped
by DARPA under the Technol ogy Reinvention Program (TRP). Denonstration addressed Navy and Marine Corps needs
for I ow probability of intercept sensors identified by the Ofice of the Chief of Naval Operations (N88) and the
Conmander in Chief Atlantic Fleet (CINCLANTFLT) and is al so responsive to PEO TAD needs for covert navigation in
restricted waters.

« (U (%11,576) EQ IR TECHNOLOGY: The EQ' I R technol ogy investment addresses Navy surveillance needs and exploits
technol ogy opportunities | eading to advanced EO sensor and autononous processing capabilities. The program
enphasi zes needs of mmjor Navy air platforms for detection, acquisition, precision targeting and fire contro
handoff. Technol ogi es such as nmulti-wavel ength passive/active sensors and mul ti-di mensi onal signal processing
al gorithnms to enhance detection and track performance in adverse environnents are stressed. Optical apertures to
enable nultiple EO sensors to operate sinmultaneously froma single aperture are bei ng devel oped.

- (U) Conpleted system design and architectural studies addressing deficiencies of scanned Infrared Search and
Tracks (I RSTs) such as missed target detection due to atnospheric scintilation and need to mtigate ocean sun
glint effects. This advanced staring infrared panoranic search and track sensor and signal processing technol ogy
uses spatial, tenporal and spectral discrininates to detect subsonic and supersonic targets such as Anti Ship

M ssiles (ASMs) and TMBs while suppressing clutter (backlit clouds, surface reflections) and nui sance targets.
The conpl et ed desi gn incorporates DARPA-funded technol ogy for high-performance 1024 x 1024 staring Focal Pl ane
Arrays (FPAs). The Joint programwi th the United Ki ngdom Royal Navy and addressi ng PEO TAD/ SC needs for ship and
TBM def ense has been put on hold. The design concepts although not denonstrated have transitioned to PEO TAD and
NSWC- DD E&MVD | RST program
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- (U) Conpleted hardware and software integration of real time nmulti-dinensional commercial off the shelf
(COors) signal processor with the ship two-color IRST, and transitioned to PEO TAD and NSWC-DD for use in E&VD

| RST program

- (U) Devel oped conpact dual -band airborne | RST sensor with active |aser aperture for E-2C to enabl e | ong range
detection and tracking of TBMs and cruise missiles (CMs). Laser devel opnment funded by Ballistic Mssile Defense
Organi zation (BVDO). Program addresses needs identified by the Fl eet Commander In Chiefs, PEO TAD and PEO A for
long range detection and precision track of TBM’s and CM’s.

- (U) Developed Hyper Spectral Infrared sensor jointly with USAF and Defense Airborne Reconnaissance Office

(DARO) with greater than one hundred sub-bands in both the mid wave (3-5 microns) and long wave (8-12 microns)

spectral bands and developed IR signal processing algorithms to recognize/exploit man-made target signatures

relative to natural backgrounds and countermeasures in support of tactical and airborne reconnaissance,

surveillance and strike warfare needs identified by Commander In Chief Pacific Fleet (CINCPACFLT) and N091.

- (U) Developed modeling and simulations to enable fusion of multiple wavelength EO passive and active sensor

attributes. Incorporated worldwide threat, scene/terrain and environmental databases. Conducted analysis and

simulation of sensor and operating characteristics in environments representative of worldwide conditions

Products of this development are being utilized by Government laboratories and industry to optimize sensor

designs and architectures without incurring the cost of hardware and field tests.

(V) ($2,872) MULTI-SENSOR TECHNOLOGY: The Multi-Sensor technology program investment addresses Navy
Intelligence, Surveillance and Reconnaissance needs and exploits technology opportunities leading to the
integration, fusion and automated management of sensors operating within a platforms Combat System Architecture.
The program emphasizes needs of major ship and air platforms and is developing crosscutting technologies that
apply across platforms. Technologies such as processing architectures and algorithms to fuse, filter and

correlate data and automated resource management procession are pursued.

- (U) Completed development of F/A-18 aircraft SUU-63A wing station configured receivers, processors and
antennas to enable precision targeting of emitters at ranges beyond the defensive weapons systems. Addresses
Fleet needs and those of NAVAIR-PMA 242 and PMA 265 for passive RF targeting for High Speed Anti-Radiation
Missile (HARM).

R1 Line Item 8

Budget Item Justification
(Exhibit R-2, page 5 of 22)

UNCLASSIFIED



UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIMVITY: 2 PROGRAM ELEMENT: 0602232N
PROGRAM ELEMENT TI TLE: Conmuni cati ons, Command and Control, Intelligence
Surveil | ance & Reconnai ssance (C3l SR

- (V) Devel oped/integrated encoded nodul ati on waveforms into existing aircraft (AV-8B) targeting |aser for

| aser interrogation of an | FF system |nplenmented correspondi ng decoding logic into existing |aser warning
receivers to cue standard | FF response on own aircraft. Addresses Fleet and Chief of Naval Operations (CNO N66
needs for positive Conbat IDto elimnate/mnimze fratricide during close air support operations.

- (U) Devel oped data fusion/resource managenent processing architecture in an interactive sinulation to
facilitate autonomous nulti-sensor operation. |Integrated nodels of current operational sensors (Radar

El ectronic Support Measures (ESM, EO into a nulti-sensor test bed enabling evaluation and denonstration of
emer gi ng fusion and resource managenent processing technol ogy without costly flight tests. Responds to Fleet
requi renents/needs for tinely integration and disseminati on of on-board and all source sensor data with
automat ed data fusion and tactical decision aids for real tine sensor optimzation

. (U) (%$1,835) COVMINI CATI ONS NETWORKS: Continue devel opment of technol ogies critical to performance and
robust ness of Naval Conmmuni cati ons networKks.
- (U) Designed and tested prototype software for the high performance reliable nmulticast transport protocol and
Quality of Service (QOS) enhancenents to the Internet Protocol (IP). Coordinated via the Infornmation Superiority
Technol ogy (1 ST) Panel of the Defense S&T Reliance.
- (U Installed the ATM networki ng testbed. Prepared test plans and procedures in coordination with French
experts. Coordinated via | ST Panel of the Defense S&T Reli ance.
- (U) Devel oped Dormei n Nanme Server for heterogeneous nobile networks. Coordinated with the DARPA Warfighters
Internet program Coordinated via the |IST Panel of the Defense S&T Reli ance.
- (U Analyzed the QOS Channel Allocation Protocol for throughput, delay and robustness.

. (U ($10,028) RADI O COVWMUNI CATI ONS:  Conti nued devel opnent of key conmuni cations technol ogies for air, ship and
submari nes.
- (U Conducted full-configuration at-sea testing of the conpact | ow profile buoyant cable submari ne antenna.
- (U) Devel oped the design software for the structurally-enbedded, reconfigurable aircraft antenna array pane
on a curved surface, and conpared, with conputed predictions. Coordinated via the | ST Panel of the Defense S&T

Rel i ance.
- (U) Devel oped an i nproved nodem for UHF |ine-of-sight comunications enpl oying bandwi dth efficient
nodul ati ons and adaptive equalization of the fading and nmulti-path maritinme channel. Incorporated power
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managenent and control algorithns to achieve efficient use of avail abl e power resources. Coordinated via the IST
Panel of the Defense S&T Reliance.

- (U) Adapted comercial code division nmultiple access (CDVMA) wirel ess technol ogies to naval applications.

Enmpl oyed power managenent and control algorithnms for inproved network design. Coordinated via the (IST) Panel of
the Defense S&T Reli ance.

- (U Based on at-sea experinments conducted with the National Aeronautics and Space Adm nistration (NASA)
Advanced Conmuni cations Technol ogy Satellite (ACTS), devel oped framework for recepti on of d obal Broadcast
Service (GBS) on naval ships and aircraft.

. (U) (%$5,714) COMVAND SUPPORT: This program devel ops and denonstrates software components and technol ogi es that
enable the Navy’s concept of Network-Centric Warfare and the Joint Chiefs Joint Vision 2010. The focus is on
militarily-unique information processing technologies that enable information dominance through vastly improved
speed of command. Particular emphasis is directed to issues involving the ability of geographically distributed
Naval decision-makers to collectively generate and perceive a Common Tactical/Operational Picture, and to
jointly plan and monitor military missions. All of the research efforts recognize the important role of COTS
software components and standards, and consequently they focus on maximizing the integration of such software
into software functionality for Naval applications.

- (U) Demonstrated support of the Common Operational Picture/Common Tactical Picture (COP/CTP) and mission
planning, demonstrated an intelligent agent architecture and agents for the smart retrieval of tactically useful
information (e.g. an agent for retrieving weather at a planned landing zone).

- (U) Completed prototype and demonstrated an object oriented database management architecture using real time
interface mechanism to access hybrid databases (flat files, relational, or object oriented) in a distributed

real time information system. Real-time extensions submitted to the Object Management Group for incorporation
as an international computing industry standard.

- (U) Transitioned collaborative environment technology integrating COTS groupware and collaborative tools to
support day-to-day ops, etc. to Space and Naval Warfare Systems (SPAWAR) (PE 0603794N).

- (U) Initiated development of an Element Level Strike Planner using collaborative and distributive technology

that will integrate operations of a strike mission plan from receipt of the Air Tasking Order to passing and

briefing the completed plan to the Commanding Officer. Jointly funded with N88 and N63.
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- (U In support of information systemsecurity, developed a formal nodel for protecting agai nst data storage
spoofing in large scale systens. |Inplemented an integrity cluster controller for conmbating malicious software
attacks.

(U (%$1,629) NAVI GATION: Continued devel opment of key navigation technologies for air, ship and submari nes.

- (U Performed concept denonstration of the candi date signal structure for reduced d obal Positioning System
(GPS) vulnerability.

- (U Analyzed measured reductions in the dead-band | ock-in for the quantumwell mrror ring | aser gyro

t echnol ogy.

- (U Conpleted | aboratory eval uation of high performance fiber-optic gyro (FOG Advanced Devel opment Model
for subrmarine applications and transitioned to the Navy Special Projects Ofice (SP-24).

- (U) Devel oped and tested the high power fiber-optic Iight source for high performnce FOGs.

- (U ldentified techniques for data conpression and bul k processing applicable to fast processing of GPS

si gnal s.

3. (U FY 1999 PLAN:

(U (%$32,342) RADAR TECHNOLOGY: The Radar Technol ogy program investnent addresses Navy surveillance needs and
expl oits radar sensor technol ogy opportunities. Enphasis is on najor platforns such as Ships and aircraft and
cross cutting technol ogies that apply across platforns. Mjor drivers include affordability and sensor
performance in conplex target, ECM and adverse environmental conditions including operations in the littorals.
FY 1999 funding for this thrust includes an $11. 0M Congressional add-on for UHF El ectronically steered Array
devel opnent and for Kauai, Hawaii Mountain Top facility capability inprovenents. This Congressional add-on is
for FY 1999 only.

- (U Install nulti-band, flexible waveform shipboard radar sensor at Wallops Island for perfornance and
operational utility assessnents against representative targets in varying environnental clutter and sea state
conditions. Assessnents jointly conducted with PEO TAD/ SC.

- (U Continue devel opnent of adaptive wavefornms for nulti-band shipboard radar to maxim ze detection and track
performance in conplex target and nulti-path conditions and to m nimze system dynanic range and anal og-t o-
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digital converter requirements. Addresses PEO TAD/ SC and N-86 needs for continuous track in severe nulti-path
and clutter conditions.

- (U Integrate scale nodel voltage controlled diode array with test bed radar systemto devel op performance
versus cost trade-off nmetrics. Responds to Navy needs for affordabl e high performance RF apertures. Joint
program wi t h DARPA.

- (U Continue devel opnent of MIIlineter Wave H gh Resol uti on Radar Dempnstrati on Mbdel for close in anti-ship

cruise mssile (ASCM tracking. |Incorporate H gh Power source devel oped by the El ectronics program under PE
0602234N.

- (U) Characterize performance of scale nodel UHF electronically scanned array in static chanber testing and at
the experinmental radar facility at Pacific Mssile Range Facility (PMRF), Kauai, Hawaii. Conpare overall

performance to existing E-2C TRAC-A, and ADS- 18 antenna systens. Conduct E-2C integration studies to include
el ectromagnetic conpatibility determinations. This devel opment addresses technol ogy needs identified by CNO
N88, PEO-A and PMA-231 for multi-target tracking of theater ballistic and cruise mssiles and for 360 degree
continuous (I FF) capability.

- (U) Conplete technol ogy devel opnment of UHF digital receiver and characterize performance in preparation for
field testing at the Muuntaintop Radar Facility in Kauai, Hawaii .

- (U Flight test conceal ed/buried target detection ultra-w deband radar to quantify target detection and inmage
qualities in high false alarmconditions. DARPA and Arny will participate in flight test effort.

- (U Integrate test bed nodel of airborne nulti-node radar systeminto test aircraft for perfornance

eval uation agai nst snmall seaborne craft and noving and stationary ground targets. DARPA, Air Force (Wi ght
Laboratories) and JSTARS programwi |l participate in evaluation.

- (U Continue joint programwith Air Force and DARPA to devel op automatic target recognition algorithms in
support of Tri-Service needs for long range identification of stationary and sl ow noving ground targets.

- (U Congressional Plus Up: Integrate UHF El ectronically Steered Array in Kauai, Hawaii Muntain Top Test
Facility. Effort includes inprovenments to the facilities experinental radar and will establish connectivity to
the Maui Hi gh Performance Conputing Center.

. (U (%$11,568) EQ I R TECHNOLOGY: The EQ' IR technol ogy investnent addresses Navy surveillance needs and exploits
technol ogy opportunities | eading to advanced EO sensor and aut ononous processing capabilities. The program
enphasi zes needs of nmmjor Navy air platfornms for detection, acquisition, precision targeting and fire control
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handoff. Technol ogi es such as nmulti-wavel ength passive/active sensors and nul ti-di nensional signal processing
algorithms to enhance detection and track performance in adverse environments are stressed. Optical apertures
to enable multiple EO sensors to operate sinultaneously froma single aperture are being devel oped.

- (U Integrate dual band airborne I RST sensor into a fleet configured E-2C aircraft for aircraft conpatibility
and performance evaluation. Optical aperture to enable insertion of BMDO funded | aser sensor when sufficiently
mature is included. This technol ogy addresses needs for |ong range detection and tracking of Theater Ballistic
Mssiles identified by PEO TAD SC and PEO T.

- (U Continue devel opnent of target discrimnation and recognition algorithnms to distinguish unique
characteristics of man nade objects relative to naturally occurring background clutter.

- (U Continue joint programwith Air Force and DARO to devel op Hyper-spectral infrared sensors for Naval
airborne Intelligence, surveillance and reconnai ssance m ssions. Addresses needs identified by PMA-290 and PMA-
265.

- (U) Continue nodeling and sinulation to optim ze sensor operating characteristics and fusion of nulti-

wavel engt h EO passive and active sensor attributes. Devel op cueing and control processing strategies to enable
rapi d hand-of f of precision fire control data to on and of f-board engagenment systens.

- (U Integrate nmulti-function electro-optic sensor technology completed in FY 98 into a distributed aperture
infrared sensor system (DAIRS) specifically for the Joint Strike Fighter (JSF). This devel opnent addresses the
JSF program of fi ce needs for passive infrared sensors to provide continuous situational awareness and missile
warning. This devel opnent is coordinated with the Air Force within the JSF programoffice and within the

Def ense Rel i ance Sensors, Electronics and Battl espace Environnents Panel .

- (U Initiate joint programw th DARPA and PMA-290 to devel op and denobnstrate Hyperspectral Electro-Optical

| magi ng technology on the EP-3 aircraft. Technol ogy devel opment enphasi zes high resolution, nultiband i magi ng
sensor and algorithms for target detection and confirmation. |Initial plans for insertion of this technology is
for EP-3 with foll owon application to F-18F shared reconnai ssance POD (SHARP). This effort addresses needs
identified by CNO-N88 and PEO- T for real tinme situational awareness, precision targeting and battle damage
assessnent.

. (U (%$2,768) MILTI - SENSOR TECHNOLOGY: The Multi-Sensor technol ogy programinvestnent addresses Navy
Intelligence, Surveillance and Reconnai ssance needs and exploits technol ogy opportunities |eading to the
i ntegration, fusion and automated nanagenent of sensors operating within a platfornms Conbat System Architecture.
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The program enphasi zes needs of major ship and air platforns and is devel opi ng crosscutting technol ogi es that
apply across platforns. Technol ogi es such as processing architectures and algorithns to fuse, filter and
correl ate data and aut onated resource nmanagenent procession are pursued.

- (U Transition targeting avionics sensor technology to PMA 242 to provide precision targeting capabilities
for U S Navy and (HARM capable International aircraft.

- (U Denonstrate |aser encoded | FF on AV-8B and F/ A-18 aircraft at CNO N66 sponsored All Service Conbat |ID
Eval uati on Team (ASCIET) trials with follow on evaluation by North Atlantic Treaty Organi zation (NATO Atlantic
Counci| 243 Defense Research G oup nenber Nations.

(U Integrate Data Fusi on/ Resource nmanagenment processing algorithns into the SPY-1 radar at the Aegis Conbat
Systenms Center and conduct ground system characterization and effectiveness assessments during theater ballistic
m ssil e tracking exercises. Addresses PEO TAD/ SC needs for sensor resource managenent technol ogy.

(U Initiate systemstudies for the E-2C aircraft to define integrated nultisensor architecture to include
tactical data Iink and the cooperative engagenent capability (CEC) system This effort responds to needs
identified by CNO- N88 and PMA-231 for detection, discrimnation, fire control quality tracking and engagenents
of mssile threats.

obust ness of Naval Communi cati ons networks.

(U) Test and anal yze the prototype software for the high performance reliable nulticast transport protocol
and the QOS enhancenents to the Internet Protocol (IP). This work extends COTIS-based reliable multicast
protocols to various nilitary applications. Present the results to the Internet Engineering Task Force (I|ETF)
for consideration in the next generation standards-track protocols. Coordinated via the |IST Panel of the Defense
S&T Rel i ance.

- (U Incorporate the enhanced transport and IP prototype software in the ATM network testbed and test their
performance relative to existing protocols. Borrow Asynchronous Transfer Mde (ATM nachi nes from France for
performance testing. Conduct tests enploying different ATM machines to determ ne quality of perfornmance and
interoperability. Coordinated via the | ST Panel of the Defense S&T Reliance.

- (U Investigate technical issues related to ATM use, such as signaling, interoperability robustness, and
ability to support QOS at the application layer. Mlitary use of ATM switches requires adaptation to RF nedia
and is not limted to fiber-optic wires. Coordinated via the | ST Panel of the Defense S&T Reliance.
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- (U) Develop intelligent |local agents for heterogeneous nobile network nanagenent. Coordinated with the DARPA
Warfighter Internet Program Coordinated via the | ST Panel of the Defense S&T Reliance.

. (U) (%$10, 600) RADI O COVMUNI CATI ONS: Continue devel opment of key communications technol ogies for air, ship and
submarines. FY 1999 funding for this Thrust includes $1.0M Congressional add-on for devel opnent of Hybrid
Wrel ess Fi ber Communi cati ons Technol ogy. Add-on is for FY 1999 only.
- (U Conclude the residual noise tests of the on-hull extremely |ow frequency (ELF) submarine antenna. This
devel opnent provided first time capability for submarines to receive ELF transmi ssions w thout having to depl oy
along trailing wire.
- (U Analyze data fromthe sea tests of the |ow profil e buoyant cable submarine antenna. Perform conparative
at-sea testing with DARPA buoyant-cabl e array design. This devel opnment enables up to order of nagnitude
increase in data rate with UHF operation at speed and dept h.
- (U) Conplete devel opnent of the structurally-enbedded, reconfigurable aircraft antenna array reconfiguration
using optically activated switches. Structural enbednent of antenna arrays reduces life cycle costs and radar
cross-section. Coordinated via the |IST Panel of the Defense S&T Reliance.
- (U Conduct laboratory and field tests of the inproved nmodem for UHF |ine-of-sight ship comunications.
Conpare results with expectations, and define further inprovenents as needed in the nodem desi gn and the power
managemnment al gorithms. Coordi nated via the | ST Panel of the Defense S&T Reliance.
- (U Denonstrate the use of Code Division Miultiple Access (CDMA) technologies in Navy tactical networks.
CDMA requires adaptation fromcomercial networks to mobile nmilitary networks that require | ow probability of
intercept/detection. Coordinated via the | ST Panel of the Defense S&T Reliance.
- (U Devel op Mechanically Assisted Phased Array (MAPA) antenna for the Utra-Small Aperture Term nal
(USAT) capabl e of GBS reception on board Navy ships and aircraft. Denonstrate use of back-channel connectivity to
the GBS. Coordinated via the |IST Panel of the Defense S&T Reli ance.
- (U) Congressional Plus-Up: Initiate investigation of hybrid fiberoptic/w reless conmmuni cati ons systens.

Coordi nated via the I ST Panel of the Defense S&T Reli ance.

. (U (%5, 552) COWAND SUPPORT: This program devel ops and denponstrates software conponents and technol ogi es that
enable the Navy’s concept of Network-Centric Warfare and the Joint Chiefs Joint Vision 2010. The focus is on
militarily-unigue information processing technologies that enable information dominance through vastly improved
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speed of command. Particular enphasis is directed to issues involving the ability of geographically distributed
Naval decision-makers to collectively generate and perceive a Common Tactical / Operational Picture, and to
jointly plan and nonitor military mssions. All of the research efforts recognize the inportant role of COIS
sof tware conponents and standards, and consequently they focus on maxinizing the integration of such software
into software functionality for Naval applications.

- (U In support of the Commopn Operational Picture/Comon Tactical Picture (COP/CTP), continue devel opment of
software agents for intelligent data exploitation and retrieval. Specifically, inplenent a video abstract agent
and web-based agents; develop a cooperative query capability; and test inter-agent architecture operation

- (U In support of COP/CTP, continue efforts to develop a real-tinme static scheduling service; advance the
real -time operating mechani snms; define the real-tine prototype environment to support distributed nodes; and
integrate real-tinme nmechani sms to support distributed collaboration

- (U In support of COP/CTP, evaluate the Covariance Intersection approach as a nethod to fuse data in a

di stributed environnent.

- (U Continue the devel opnent of collaborative environment tools specifically incorporating intelligent agent
technology. Determine if the existing collaboration technology will support tactical environnents and , if not,
what nodifications are required.

- (U) Advance deci sion support technol ogi es through the devel opment of case-based plan authoring and advanced
use interfaces; inplenent intelligent agents into existing real-tine execution decision support; devel op comon
representation and interaction between planning and nonitoring support capabilities.

- (U In support of Network Operations, define the requirenments and design specifications for Adaptive Rul es of
Engagenent. Conduct user experinents with collaboration and decision support capabilities in coordination with
SPAWAR and the Sea-Based Battle Lab (USS Coronado). |Incorporate collaborative environnent and execution
nonitoring capabilities into Extending the Littoral Battlespace (ELB) ACTD 1999 Denp.

. (U) (%$1,814) NAVI GATI ON: Continue devel opnent of navigation technol ogies for air, ship and subnarines.
- (U Conpare quantumwell mrror ring |laser gyro measurement results with conventionally designed ring |aser
gyros. This devel opnent pronmises to elimnate nechanical dithering and nmake ring | aser gyros nore producible
and affordabl e.
- (U) Investigate use of pseudolites for acquiring ranging in addition to tinmng data using GPS signals. This
devel opnent woul d | ower the vulnerability of GPS users to eneny janmm ng.
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- (U Apply nodern digital signal processing technologies to the design and devel opnent of next generation

G obal Positioning System (GPS) receivers for inproved anti-jam protection

- (U) Test the Advanced Devel opnent Model |1 of the high performance fiber-optic gyro and transition to the
Navy Special Project Ofice (SP-24). This devel opment enables replacing the ESGN (El ectrostatic Suspended Gyro
Navi gator) presently depl oyed on submarines with nmore affordable fiber-optic gyro navigators.

- (U Integrate advanced el ectronics into strategi c submari ne navigation systems to reduce dependence on

di m ni shing source of supply for ol der conponentry.

. (U) ($900) STRATEQ C SYSTEMS TECHNOLOGY: The objective of the Strategic System Sustainment project is to devel op
and denonstrate technologies in the areas of Mssile Flight Science, Submarine Navigation, and Underwat er
M ssil e Launch to sustain these strategic capabilities that will (1) reduce the reliance on unique materials and

processes, (2) reduce the reliance on human-expertise intensive processes, and (3) reduce the cost of
mai nt ai ni ng these systens.

- (U) Assess the existing missile flight science design and analysis codes for integration in to a platform
i ndependent architecture.
- (U) Devel op Underwater Launch systenms architecture.

. U) ($755) Portion of extramural programreserved for Small Business |Innovative Research assessnent in accordance
with 15 USC 638.

4. (U FY 2000 PLAN:

. (U) (%$22,193) RADAR TECHNOLOGY: The Radar Technol ogy program investnent addresses Navy surveillance needs and
expl oits radar sensor technol ogy opportunities. Enphasis is on najor platforns such as Ships and aircraft and
cross cutting technol ogies that apply across all platforms. Mjor drivers include affordability and sensor
performance in conplex target, ECM and adverse environmental conditions including operations in the littorals.
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- (U Inplenent adaptive waveforns into Milti-band shipboard radar test bed and assess detection, tracking and
dynam c range perfornmance in conpl ex counterneasure, clutter and nulti-path environnents. Addresses PEOC TAD/ SC
and N-86 needs for continuous fire quality tracking in severe counterneasure and clutter environments.

- (U Initiate laboratory and field evaluation of Hi gh Power MIIlineter Wave Radar Denobnstration Nbdel.
Tracking quality and consistency will be eval uated against a variety of representative targets and

count erneasure environments. Jointly conducted with the El ectronics program under PE 0602234N.

- (U Transition UHF Electronically Steered Antenna (UESA) array to Advanced Technol ogy Denonstration (ATD)
program PE 0603792N. ATD endorsed and supported by OPNAV N 88 and COVWNAVAI RSYSCOM PMA-231 in the near term and
to the Common Support Aircraft in the md-long term

- (U Integrate UHF Digital Receiver into the inproved Muntaintop experinmental Radar at PMRF, Kauai, Hawaii .
Technol ogy supports the UESA ATD and scheduled to transition to PVA-231 E-2C Radar Mbderni zati on Program ( RVP)
in FY-2001.

- (U Conplete flight test characterization of the Conceal ed Target Detection/ G ound Penetrating Utra
W deband Radar. This project is coordinated with the Defense S&T Reliance Sensors, Electronics and Battl espace
Envi ronments ( SEBE) Panel .

- (U Conduct initial flight measurements of the airborne Milti-Mde Radar systemto characterize perfornance
agai nst ground targets in all operating regines (noving, stationary). Jointly conducted with DARPA, USAF Wi ght
Laboratories and the JSTARS program

- (U) Continue joint programwth Air Force and DARPA to devel op automatic target recognition algorithnms and
signal processing in support of joint Warfighter and Tri-Service needs for |ong range identification of
stationary and sl ow noving ground targets. Coordinated with Defense Reliance SEBE Panel .

. (U) (%$12,584) EQ I R TECHNOLOGY: The EQ IR technol ogy programinvestnent addresses Navy surveillance needs and
expl oits technol ogy opportunities | eading to advanced EO sensor and processing capabilities. The program
enphasi zes needs of major Navy air platfornms and is devel opi ng crosscutting technol ogies that apply across
pl atforms. Technol ogi es such as nmulti-wavel ength passive/active sensors and nul ti-di nensional signal processing
algorithms to enhance detection and track performance in adverse environments are stressed. Optical apertures
to enable multiple EO sensors to operate sinultaneously froma single aperture are being devel oped.
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- (U Conplete in flight evaluation of the dual band (I RST) on a fleet E-2C aircraft participating in TBM
detection and tracking exercises. This effort responds to stated needs of PEO TAD/SC and PEC- T for |ong range
detection and precision tracking of TBMs. Jointly coordinated with the Air Force via Defense Reliance SEBE
Panel .

- (U Integrate BMDO funded eye safe | aser sensor into dual band airborne E-2C | RST for sensor conpatibility
and performance eval uations. Responds to Joint Theater Air and Mssile Ofice needs for |ong range, precision
tracking of TBMs.

- (U Continue devel opnent of target discrinmination and recognition algorithnms to distinguish unique
characteristics of man nade objects relative to naturally occurring background clutter

- (U Continue nodeling and sinulation to optimnize sensor operating characteristics and fusion of nulti-

wavel engt h passive and active EO sensor attributes. Develop and optim ze sensor cueing and control processing
strategies to enable rapid hand-off of precision fire control information to on- and off-board engagenent

syst ens.

- (U Transition Distributed Aperture Infrared Sensor (DAIRS) to (ATD) project as part of Miltifunction
Infrared Distributed Aperture System (M DAS) under PE 0603792N. This technology is identified as a critica

el ement of the Joint Strike Fighter roadmap for situational awareness and missile warning.

- (U Continue joint programw th DARPA and PMA-290 to devel op Hyperspectral |nmagi ng sensor and processing for
denonstration on the EP-3 aircraft. This effort addresses needs identified by CNO-N88 and PEO- A for real tine
situational awareness, precision targeting and battl espace assessnent.

- (U Initiate devel opnent of laser and | aser identification imge profiling, |everaging DARPA devel opnments in
high frane rate Focal Plane Arrays to provide Navy and Marine Corps platforns with real-tinme |ong-range target
di scrimnation and identification capability.

. (U ($3,407) MILTI - SENSOR TECHNOLOGY: The Milti-Sensor technol ogy program investnent addresses Navy
Intelligence, Surveillance and Reconnai ssance needs and exploits technol ogy opportunities |leading to the
i ntegration, fusion and automated nanagenent of sensors operating within a platforns Conbat System Architecture.
The program enphasi ze needs of major ship and air platforns and is devel oping crosscutting technol ogi es that
apply across platforns. Technol ogi es such as processing architectures and algorithns to fuse, filter and
correl ate data and aut onated resource nmanagenent procession are pursued.
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- (U Conplete flight test of the |aser encoded | FF systemon AV-8B and transition to the US Marine Corps
program for Combat ldentification. This effort responds to needs identified by Marine Corps and the Joint
Conbat Identification Office for positive conbat IDto elimnate/mninize fratricide during close air support
operations.

(U Continue evaluation of Radar Resource Managenent processing algorithns in SPY-1 Radar at Aegis Conbat
Systems Center, Wallops Island, VA This effort responds to needs identified by PEO TAD/ SC for |ong range
detection, discrimnation and continuous tracking of theater ballistic mssiles.

(U Evaluate nulti-sensor integration and data fusion algorithms in the E-2C aircraft Sensor Integration
Laboratory and assess operational effectiveness inmprovenents in Theater Air and nissile defense operating
environnents. Responds to needs identified by the Fleet, Program Executive Oficer, Tactical Aircraft Prograns
(PEO-T) for tinmely integration and dissemination of on and off board sensor infornation in all operating
scenari os.

. (U ($3,509) COVMUNI CATI ONS NETWORKS: Continue devel opment of technol ogies critical to performnce and
robust ness of Naval Cormmuni cati ons networks.
- (U Continue devel opnent of key communi cati ons network technol ogies for air, ship and submari nes necessary
for network-centric warfare.
- (U Evaluate the performance of the new reliable nulticast and IP Quality of Service (QOS) protocols. Make
analytic results available to the | ETF in order that the comercial standard is conpatible with mlitary
applications. Coordinated with the I ST Panel of the Defense S&T Reli ance.
- (U) Conduct performance and interoperability testing of different ATM sw tches over the high speed ATM
testbed enploying the new reliable nulticast and I P QOS protocols. Coordinated with the |IST Panel of the
Def ense S&T Reli ance.
- (U EBEvaluate sinmulation results of wireless, nobile network performance in relation to projected needs of
mlitary applications. Transition results to the INSC (Interoperable Networks for Secure Comuni cations) 6.3
programto enable test/denonstration for coalition warfare. Coordinated with the |IST Panel of the Defense S&T
Rel i ance.

. (U (%$10,573) RADI O COMWWLUNI CATI ONS: Conti nue devel opnent of key conmuni cations technol ogies for air, ship and
submari nes.
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- (U Investigate CDMA |inks as back channel for GBS, enploying very small aperture termnals appropriate for
smal | craft use.
- (U Transition the |low profile buoyant cabl e antenna enhancenment to 6.3 Advanced Technol ogy Devel opnent.

(U Transition the on-hull extrenmely | ow frequency (ELF) antenna to the Submarine Integrated Antenna System
(SAIS) 6.4 project within PMM173.
- (U) Devel op technologies to enable |arge aperture multiple frequency band, nultiple function antennas for
current and future Navy attack submarines. Coordinated via the |IST panel of the Defense S&T Reliance.
(U Transition the inproved nodemtechnol ogy for UHF |ine-of-sight comunications to the Joint Tactical Radio
System (JTRS). Coordinated via the | ST Panel of the Defense S&T Reli ance.

- (U Incorporate the Mechanically Assisted Phased Array (MAPA) antenna as part of Utra-Small Aperture
Term nal (USAT). Test and eval uate performance of MAPA antenna on different naval platforns. Coordi nated
via the I ST Panel of the Defense S&T Reli ance.

. (U) (%$9,107) COMMAND SUPPORT: This program devel ops and denponstrates software components and technol ogi es t hat
enable the Navy’s concepts of Network-Centric Warfare and the Joint Chiefs Joint Vision 2010. The focus is on
militarily-unique information processing technologies that enable information dominance through vastly improved
speed of command. Particular emphasis is directed to issues involving the ability of geographically distributed
Naval decision-makers to collectively generate and perceive a Common Tactical/Operational picture, and to
jointly plan and monitor military missions. All of the research efforts recognize the important role of
Commercial-off-the-Shelf software components, and consequently they focus on maximizing the integration of such
software into software functionality for Naval applications.

- (V) In support of (COP/CTP), continue development of intelligent agent technology to provide agent-based
user profiling. Transition agent architecture to DISA GCCS. Integrate visualization basic research efforts into
COP/CTP. Apply spatial database techniques for correlating covariance intersection estimates for corresponding
entities to enhance consistency across different tactical pictures. Initiate effort on developing techniques to
enhance real-time picture with non-real-time information.

- (V) Develop initial prototype for a tactical collaborative environment to use during Littoral Warfare.
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- (U In support of continuous planni ng-execution cycle, continue advances in a case-based reasoni ng plan

aut horing tool; develop a prototype Dynami c Resource Allocation capability to support real-tinme retargeting

situations; develop an initial prototype augmenting the COP/CTP with an intelligent decision support system

incorporating multiple interacting views of status, plans and predicted effects, e.g. map-based, pert-chart.

- (U In support of Network Operations, investigate the process and issues associated with Rul es of Engagenent
at all echelons of control starting with the National Conmand Authority (NCA) through the CINC to the Battle
Group to the individual Support El ement Weapon System

- (U ldentify requirenents and functional building blocks of a Cl NCPAC HQR1 Architecture with the goal of
devel oping a facility for test and evaluate of COTS software in a mlitary operational context

(U ($3,950) NAVI GATI ON: Conti nue devel opnent of key navigation technol ogies for air, ship and subnari nes.

- (U Transition the high performance fiber-optic gyro, Advanced Devel opnent Mdel -11 to the Director, Navy

Strategic Systens Project (SP-24).

- (U Performlaboratory proof-of-concept denponstrati on of the next generation digital GPS receiver for anti-
j am perf or mance.

- (U) Devel op advanced technol ogi es that reduce the vulnerability of GPS to janmm ng and spoofi ng.

- (U Transition the quantumwell mirror ring |aser gyro technology to Navy tactical mssiles and ring |aser
gyro manuf act urers.

- (U Develop the atominterferoneter gravity gradiometry technol ogy to achieve sensitivity of 0.1 E/ (Hz)1/2.

(U ($3,500) STRATEQ C SYSTEMS TECHNOLOGY: The objective of the Strategic System Sustainment project is to
devel op and denonstrate technologies in the areas of Mssile Flight Science, Subrmarine Navigation, and
Underwater M ssile Launch to sustain these strategic capabilities that will (1) reduce the reliance on unique
materials and processes, (2) reduce the reliance on human-expertise intensive processes, and (3) reduce the cost
of mai ntaining these systens.

- (U) Develop first order nethodol ogies for drag reduction, nuclear survivability, and solid notor ignition
codes for the missile flight science design and anal ysis tool.

- (U) Develop first order electronic database for Underwater M ssile Launch tool.
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B. (U) PROGRAM CHANGE SUMVARY:
FY 1998 FY 1999 FY 2000

(U) FY 1999 President’s Budget 54,814 66,133 68,403
(U) Appropriated Value. 64,033
(U) Adjustments from FY 1999 PRESBUD. -730 +1,975 +420

(U) FY 2000 President’'s Budget
54,084 68,108 68,823
(U) CHANGE SUMMARY EXPLANATION:
(V) Funding: FY 1998 adjustment reflects actual update adjustments (-730). FY 1999 adjustments reflect
Congressional Undistributed Reductions (-525), Congressional Cut Strategic Sustainment (-8,000), Congressional Cut
General Reduction (-5,000), Comparability Adjustments for FY0O0 (+3,500), Congressional Adds for Hybrid Wireless Fiber
Comms (+1,000) and UESA Radar (+11,000). FY 2000 reflects minor program adjustments (+614), Navy Working Capital
Fund adjustments (+559), Civilian Pay Rates (+242), and Non-Pay Inflation (-995).
(V) Schedule: Not applicable.

(V) Technical: Not applicable

C. (U) OTHER PROGRAM FUNDING SUMMARY:
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(U RELATED RDT&E: This program adheres to Defense Sci ence and Technol ogy Reliance Agreenents w th oversight
by the JDL. Wbrk in this PEis related to and fully coordinated with efforts in the follow ng PEs:

(U PE 0602702F (Command, Control and Communi cati ons)

(U) PE 0602204F (Aerospace Avionics)

(U) PE 0602782A (Conmand, Control and Communications (C) Technol ogy)
(U) PE 0602204F (Aerospace Avionics)

(U PE 0602709A (Ni ght Vision Technol ogy)

D. (U SCHEDULE PROFILE: Not applicable.

provi ded
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BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT Tl TLE: Readi ness, Training and Environnental Quality Technol ogi es

(U COST: (Dollars in thousands)

PROJECT
NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
ACTUAL ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COWPLETE PROGRAM

Readi ness, Training and Environmental Quality Technol ogi es
40, 405 31, 426 30, 586 29, 631 30, 322 31, 010 31, 749 32,513 CONT. CONT.

A, (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  This program el ement (PE) provides generic affordable technol ogi es
in support of all Joint M ssion Areas/Joint Support Areas (JSA), in particular the JSAs for Readi ness; Manpower & Personnel
and Training. These JSAs enconpass requirenents for nmanning, operating, and maintaining fleet assets and for providing the
necessary training to maintain operating forces in a high state of readiness. The PE also supports the Joint Warfare Strategy
"Forward...Fromthe Sea" as well as three of the "Top Five" Future Joint Warfighting Capabilities identified by the Joint
Chiefs of Staff--in particular, capabilities related to: (a) conducting |inmted-objective warfare (e.g., technology for
enhanci ng the performance of special forces personnel, aiding decision makers in highly anbi guous situations, and inproving
casualty care); (b) pronptly engagi ng regional forces worldw de (e.g., technology for deployable training and m ssion
rehearsal ); and (c) countering weapons of nass destruction (e.g., technology for responding to chem cal and biol ogi ca
threats). This PE enconpasses the follow ng areas:

(U) Personnel, Training, and Human Factors technol ogi es enhance the Navy's ability to select, assign, and manage its
people; to train effectively and affordably in classroomsettings, in sinmulated environnments, and while deployed; and to
operate effectively in the conmplex, high-stress, information-rich and ambi guous environments of nodern warfare. Technol ogy
devel opnent in these areas responds to a variety of requirenents, including: providing nore affordable approaches to training
and skill maintenance; managing the force efficiently and maintaining readiness with fewer people and small er budgets;
providing warfighting capabilities optinized for lowintensity conflict and littoral warfare; and operating and nai ntaini ng
i ncreasingly sophisticated weapons systens.
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT Tl TLE: Readi ness, Training and Environnental Quality Technol ogi es

(U Medical technol ogies increase cost savings; inprove safety and enhance personnel performance capabilities under
adverse conditions; enhance di agnosis of nedical emergencies and treatnent of casualties; and prevent costly occupationa
injury and di sease in hazardous environnents. Requirenments which support technol ogy devel opnent in these areas include:

i mproving warfighting capabilities through enhanced supply and | ong-term storage of prepositioned medical supplies such as
bl ood; providing better stress endurance/control for key personnel; and providi ng enhanced casualty care onboard anphi bi ous
casualty receiving ships.

(U Due to the sheer volume of efforts included in this PE, the prograns described in the Acconplishnments and Pl ans
sections are representative selections of work included in this PE

(U This PE also seeks to strengthen the educational pipeline vital for nmaintaining a strong technol ogy devel opnent
capability, by supporting prograns at a wi de range of educational institutions, including Historically Black Colleges &
Universities, and other Mnority Institutions. 1In addition, the PE provides funding for the Navy Sci ence Assistance Program
(NSAP) the purpose of which is to inprove the ability of the Navy's science and technol ogy community to respond rapidly to
urgent fleet needs. Prograns in this PE are jointly planned in the Reliance process with the Air Force and Arny via panels of
the Joint Directors of Laboratories, the Training & Personnel Systens Science & Technol ogy Eval uati on and Managenent
Committee, and the Armed Services Bionedi cal Research Eval uati on and Managenent Committee.

(U The Navy S&T programincludes projects that focus on or have attributes that enhance the affordability of warfighting
syst ens.

(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvestigates technol ogi cal advances with possible applications toward solution of specific Naval problens, short of a ngjor
devel opnent effort.

(U PROGRAM ACCOWPLI SHMVENTS AND PLANS:
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT Tl TLE: Readi ness, Training and Environnental Quality Technol ogi es

1. (U FY 1998 ACCOWPLI SHVENTS:

« (U ($20,817) PERSONNEL, TRAI NI NG AND HUMAN FACTORS TECHNOLOGY:
- Initiated:

-- (U devel opnent of computer-based tools to improve the Navy’s force management capabilities.

-- (U) feasibility evaluation of continuous speech recognition technology for the development of a virtual
instructor for training complex team skills.

- Completed:

-- (V) evaluation of the perceptual effects of altered relationships between visual, haptic and auditory
inputs using virtual reality interfaces.

-- (V) development of specifications for a sonar employment training system with improved instructional
capability and reduced initial cost, achieved through real-time simulation of tactical sonar signal
processing in Commercial Off the Shelf (COTS) hardware.

-- (U) development of guidelines for contextualized, computer based training of Basic Electricity and
Electronics skills.

-- (U) development of “non-cognitive” selection tools, such as performance-based measures of personality
and motivation, which can predict the future success of naval enlisted personnel.

-- (V) integration of team training strategies into a prototype tactical decision support system, and
transition the product into the AEGIS combat system.

-- (V) development of advanced human computer interface technologies for multimedia presentation of
tactical information in a Marine Corps combat operations center, thereby improving tactical data
fusion and visualization.

-- (V) development of advanced headphone displays for three-dimensional presentation of sonar information
to improve target localization.
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT Tl TLE: Readi ness, Training and Environnental Quality Technol ogi es

* (U (%$10,838) MEDI CAL TECHNOLOGY (| NCLUDES CONGRESSI ONAL PLUS- UP - $2,523 SMART Al RCREW | NTEGRATED LI FE SUPPORT

SYSTEM) :
- Initiated:
-- (U systemfor biofeedback control of aircrew physiologic state and integrate with Vehicle Managenent
System
-- (U investigation of pharmaceutical rescue of noise-induced hearing | oss.
- Conti nued:
-- (U research and devel opnent of supportive resuscitation fluids that mninze ti ssue damge and
facilitate stabilization of henorrhagic and burn casualties.
-- (U research and devel opnent of therapeutic reginens/nodalities that prevent reperfusion injuries
subsequent to conbat trauna and henorrhage.
-- (U devel opnent of immune nodul ators for prevention of multiple organ failure.
-- (U devel opnent of neuronodul ators for therapy of non-freezing cold injury.
-- (U prograns that extend the diving operational envelope by permtting faster deconpression and/or
| onger bottomtines.
-- (U undersea nedicine progranms that lead to preventive and treatnent nethods for oxygen toxicity and
enhanced protocols for inmproving submari ne rescue scenari os.
-- (U investigation of operational durability of Gtolerance due to pilot down tine.
-- (U nmechanisns research necessary to prevent perfornance decrenents during sustained operation in
extreme environnents inplementing bi omedi cal and pharnmacol ogi ¢ i nterventions.
-- (U research to address inpact of exposures to induced body currents fromradio frequency radiation;
devel op techniques to protect and/or aneliorate adverse human health effects.
-- (U research to understand the biomechani sns involved with exposure to select neurotoxicants used in
Navy operational environnents.
- Conpl et ed:
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT Tl TLE: Readi ness, Training and Environnental Quality Technol ogi es

devel opnent of recombi nant enzymes for renoving blood type antigens fromred cells to produce

uni versal donor transfusion blood units and transition effective enzynes to industry for universa
donor red cells.

eval uati on of Al CAR adenosine derivative in treatnment of cardiac failure follow ng henorrhage.
devel opnent of ONR Rinse for treatment of henorrhagi c shock (not beneficial)

first phase of testing of trans-crocetinate for enhancing tissue oxygen delivery follow ng
henor r hage.

eval uation of inmunoregul atory nonocl onal antibodi es as adjuvants in inflammuatory diseases related
to conmbat injury conplications.

transition polynitroxlyated macronol ecul e therapies to advanced devel opnent for | arge anima

testi ng.

conti nue support to the operational Commands in Conmmand, Control, Communications, Conputers,
Intelligence Surveillance & Reconnai ssance (C41 SR) for depl oyed assets. Continued refinenent of
NSAP d obal Tactical Technical Information Center, devel oped Gulf Coast Coalition (GCC) World Wde
Web based information server for COMUSNAVCENT Area of Responsibility (AOR), supported C41
Interoperability Wirkshop in COVSI XTHFLT AOR to address issues with coalition and allied

i nteroperability.

provi de support to the Fleet/Force in high Ilife cycle cost nmintenance areas through application of
i nnovati ve technol ogi es to reduce nmai ntenance frequency, manpower intensiveness, and incorporation
of ‘in the field’ retro-fixes as applicable. Provided means to reduce High Mobility Medium Wheel

Vehicle (HMMWYV) box frame corrosion, and evaluated fiber optic lighting in hazardous spaces on

Carrier Vessel.

-- (U) addressed Fleet/Force operational readiness issues amenable by demonstration and application of COTs

technology solutions. Completed “live fire” evaluation of Ship Deployable Surface Target & Second-
Phase development of this system, performed study on feasibility of Unmanned Air Vehicles to meet
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT Tl TLE: Readi ness, Training and Environnental Quality Technol ogi es

Cl NCUSNAVEUR needs, devel oped options for COVSEVENTHFLT Anti - Special Operation Forces, evaluated an
Unmanned Surveillance Vehicle for COMWARFORLANT during a Riverine Exercise, deployed systemto

eval uate ability to perform contraband detection in bulk cargo, devel oped night vision

count erneasures training for COMWNAVSPECWAR eval uati on, assisted COWAVSAPECWAR wit h Bi ol uni nescence
software, supported evaluation of a third generation Forward Looking Infrared Radar (FLIR) for Joint
I nt er- Agency Task Force (JIATF) East, and continued investigation of sports medicine protocols for
reduced USMC CCS attrition

e (U ($7,537) SEA-STATE 3 LI GHTERAGE - CONGRESSI ONAL PLUS- UP:

(Y

2. (U FY 1999 PLAN:

initiated the devel opnent of a joint nodular lighter system (JM.S) for ship-to-shore operations in
hi gher sea states and for offloading supplies to beach or at the el evated causeway pier.

e (U (%$20,085) PERSONNEL, TRAI NI NG AND HUMAN FACTORS TECHNOLOGY:
- Initiate:

(Y
(Y

U
U
U)
U)
U)

A~ ~ —~

pl ans and designs to devel op and conduct experinments to systematically investigate the human
performance benefit of various perspective view technol ogy features.

devel opnent of a testbed facility and nodels to enhance the realism of conputer generated forces.
general investigation of applied Human Factors in the design of interactive information nanagenment
and interactive display technology to support user/task centered deci si on-maki ng.

i nvestigate the side effects induced by utilization of virtual environment trainers on shipboard
pl at f or ns.

dynam ¢ assessnent and feedback on Tactical Decision perfornmance.

distributed debriefing for network centric warfare in an information intense environment.
intelligent tutoring for tine-stressed systemcontrol/interaction
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BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT Tl TLE: Readi ness, Training and Environnental Quality Technol ogi es

- Continue:

-- (U devel opnent and eval uati on of unconventional visual, auditory and haptic cueing techniques to
enhance | earni ng of conpl ex perceptual -motor skills.

-- (U development of computer-based tools to improve the Navy's force management capabilities.

-- (U) feasibility evaluation of continuous speech recognition technology for the development of a virtual
instructor for training complex team skills.

-- (U) development of a Response Planner and Manager (RPM) authoring tools; develop the Human Computer
Interface (HCI) and user dialogue.

-- (U) development of design guidelines for a Combat Supervisory Support System that provides for reduced
shipboard manning and increased automation, and supports the use of reconfigurable, collaborative
task teams.

- Complete:

-- (V) laboratory evaluation of candidate instructional strategies and measurement techniques for aircrew
situational awareness.

-- (U) demonstration and evaluation of large flat panel displays for use in aviation mission planning,
mission rehearsal and training systems.

-- (V) development of measures and models to improve the Navy’s ability to predict fleet readiness based on
training and manpower resources expended.

-- (V) development and transition of a prototype tactical decision support system to the Joint Maritime
Command Information System (JMCIS).

(V) ($9,859) MEDICAL TECHNOLOGY (INCLUDES CONGRESSIONAL PLUS-UP - $2,000 SMART AIRCREW INTEGRATED LIFE SUPPORT
SYSTEM):
- Continue:
-- (U) research and development of supportive resuscitation fluids that minimize tissue damage and
facilitate stabilization of hemorrhagic and burn casualties
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT Tl TLE: Readi ness, Training and Environnental Quality Technol ogi es

research and devel opnment of therapeutic reginens/nodalities that prevent reperfusion injuries
subsequent to conbat trauna and henorrhage.

devel opnent of imune nodul ators for prevention of nultiple organ failure.

devel opnent of neuronodul ators for therapy of non-freezing cold injury.

research to extend the diving operational envelope by permtting faster deconpressi on and/or |onger
bottom times through novel biochem cal based deconpression or other neans of increasing
survivability of Disabled Submarine (DI SSUB) personnel and enhanci ng special warfare operations.
undersea mnedicine prograns that |ead to preventive and treatnent nethods for oxygen toxicity and
enhanced protocols for inproving submarine rescue scenarios and special warfare operations.

i nvestigate operational durability of Gtolerance due to pilot down tine.

i nvestigation of pharmaceutical rescue of noise induced hearing |oss.

mechani smresearch to prevent performance decrenents during military operations in extrene
environnents i npl ementi ng bi omedi cal and phar macol ogi ¢ i nterventions.

research in chronic or high pul se exposure to induced body currents fromradio frequency radi ation
and devel op techniques to aneliorate adverse human health effects through physical and/or biol ogica
protections.

research to identify biomarkers of cardiac sensitization associated with exposure to refrigerants
and fire suppression nmaterials and to devel op preventive neasures; deternine applicability of heart
rate variability analysis to identifying adverse inpact of toxicants.

system for biof eedback control of aircrew physiologic state and integrate with Vehicl e Managenent
System Transition to Advanced Technol ogy Crew Station Program (PE 0603216N)

second phase of testing of oral interleukin-6 for prevention of intestinal ischenia follow ng
henor r hage.

eval uation of interleukin-11 for preservation of intestinal barrier function foll ow ng henorrhage
optim zation of trans-crocetinate delivery foll ow ng henorrhage
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BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT Tl TLE: Readi ness, Training and Environnental Quality Technol ogi es

* (U (%1, 165) NSAP:
-- (U continue support to the operational Commands in C41 SR for depl oyed assets.
-- (U provide support to the Fleet/Force in high life cycle cost mai ntenance areas through application of
i nnovati ve technol ogi es to reduce nai ntenance frequency, nmanpower intensiveness, and incorporation
of ‘in the field’ retro-fixes as applicable.
-- (V) address Fleet/Force operational readiness issues amenable by demonstration and application of COTs
technology solutions.

. (U) ($317) Portion of extramural program reserved for Small Business Innovation Research assessment in accordance
with 15 USC 638.

3. (U) FY 2000 PLAN:

e (U) (%$21,102) PERSONNEL, TRAINING AND HUMAN FACTORS TECHNOLOGY:
- Initiate:
-- (V) testand evaluation of models designed to enhance the realism of computer generated forces.
-- (U) develop and evaluate Perspective View Technology (PVT) prototype.
-- (U) demonstrate, test and evaluate After Action Review (AAR) principles in Joint Service exercises.
-- (U) evaluation of an advanced processor for speech recognition.

- Continue:
-- (U) development and evaluation of unconventional visual, auditory and haptic cueing techniques to
enhance learning of complex perceptual-motor skills.
-- (U) demonstrate the efficacy of the framework that specifies how different types of knowledge are
presented to decision makers to foster development of appropriate knowledge structures.
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT Tl TLE: Readi ness, Training and Environnental Quality Technol ogi es

general investigation of applied Human Factors in the design of interactive informati on nanagenent
and interactive display technol ogy to support decision-making.

dynam c assessnent and feedback on Tactical Decision perfornance.

distributed debriefing for network centric warfare in an information intense environment.
intelligent tutoring for time-stressed systemcontrol/interaction

devel opnent of the RPM aut horing tools, conduct fleet denonstration

pl anni ng, design, devel opnent and conduct of experinments to systematically investigate the human
performance benefit of various perspective view technol ogy feature.

conmpl ete nockup and final experinents for a Conmbat Supervisory Support Systemthat provides for
reduced shi pboard nanni ng and i ncreased autonation, and supports the use of reconfigurable,

col l aborative task teamns.

experinments for continuous shipboard | earning, develop on the job training (QJT) guidelines, and
denonstrate transitions to shi pboard environnent.

devel opnent of a testbed facility to enhance the realism of conputer generated forces.
feasibility evaluation of continuous speech recognition technology for the devel opment of a virtua
instructor for training conplex team skills.

investigate the side effects induced by utilization of virtual environnent trainers on shipboard
pl at f or ns.

MEDI CAL TECHNOLOGY

- - Conti nue:

)
- (Y

research and devel opnent of supportive resuscitation fluids that mnimze tissue damge and
facilitate stabilization of henorrhagic and burn casualties
research and devel opnment of therapeutic reginens/nodalities that prevent reperfusion injuries
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subsequent to conbat trauma and henorrhage.

devel opnent of immune nodul ators for prevention of nultiple organ failure.

devel opnent of neuronodul ators for therapy of non-freezing cold injury.

devel opnent of nission preparation and body protection counterneasure techniques to ninimze

ef fects of pul sed radi owave energy.

effects research durability of Gtolerance due to pilot down tine.

i nvestigation of pharmaceutical rescue of noise-induced hearing | oss.

research to extend the diving operational envel ope by permtting faster deconpressi on and/or |onger
bottom times t hrough novel deconpression or other neans of increasing

survivability of DI SSUB personnel and enhanci ng special warfare operations.

under sea medi ci ne prograns that |ead to preventative and treatnment methods for oxygen toxicity and
enhanced protocols for inproving subnmarine rescue scenarios and special warfare operations.

mechani smresearch to prevent performance decrenents during sustained operations in extrene

envi ronnents inpl enenting bionmedi cal and pharnmacol ogi ¢ interventions.

research to identify biomarkers of cardiac sensitization associated with exposure to refrigerants
and fire suppression nmaterials and to devel op preventive neasures; determ ne applicability of heart
rate variability analysis to identifying adverse inpact of toxicants.

i ndustrial transition of trans-crocetinate as additive for resuscitation fluid

conpl et e devel opnment of interleukins as therapeutics for henorrhage

conplete testing of nerve growmh factors in non-freezing cold injury.

conpl ete testing of guanidine derivative for preservation of mitochondrial function in uncontrolled
henor r hage.

NSAP:
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-- (U continue support to the operational Commands in CA4l SR for depl oyed assets.

-- (U provide support to the Fleet/Force in high life cycle cost maintenance areas through application of
i nnovati ve technol ogi es to reduce mai ntenance frequency, manpower i ntensiveness, and incorporation
of ‘in the field’ retro-fixes as applicable.

-- (U) address Fleet/Force operational readiness issues amenable by demonstration and application of COTs
technology solutions.
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B. (U) PROGRAM CHANGE SUMVARY:
FY 1998 FY 1999 FY 2000

(U FY 1999 President’s Budget Submit: 38,079 29,722 30,915

(U) Appropriated Value: - 31,722 -

(U) Adjustments from FY 1999 PRESBUDG: +2,326 +1,704 -329
(U) FY 2000 OSD/OMB Submission: 40,405 31,426 30,586

(U) CHANGE SUMMARY EXPLANATION:

(V) Funding: The FY 1998 increase is due to the FY98 Small Business Innovative Research funding (-276), Actual Update
adjustment (+2,622) and Federal Technology Transfer (-20). The FY 1999 increase is due to Revised Economic assumption
(-73), Civilian Personnel Underexecution (-16), Congressional Add for Smart Aircrew (+2,000) and Contract Advisory and
Assistance (-207). FY 2000 decrease is due to Outsourcing Adjustment (-73), Navy Working Capital Fund adjustment

(+120), Civilian Pay Rates (+66) and Non Pay Inflation (-442).
(U) Schedule: Not applicable.
(U) Technical: Not applicable.

C. (U) OTHER PROGRAM FUNDING SUMMARY: Not applicable.
(U) RELATED RDT&E:

(U) PE 0601152N (In-House Independent Laboratory Research)

(U) PE 0601153N (Defense Research Sciences)
(U) PE 0602232N (Communications, Command and Control Technology)
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PE 0603706N (Medi cal Devel oprment (Advanced))

PE 0603707N ( Manpower, Personnel and Traini ng Advanced Technol ogy Devel opnent)
PE 0603712N (Environnmental Quality and Logi stics Advanced Technol ogy)

PE 0602202F (Human Systens Technol ogy)

0602205F (Personnel, Training and Sinul ation)

PE 0602716A (Human Factors Engi neeri ng Technol ogy)

PE 0602727A (Non-System Trai ni ng Devi ce Technol ogy)

PE 0602785A (Manpower, Personnel and Trai ni ng Technol ogy)

PE 0602787A (Medi cal Technol ogy)

ccceccccee
hY)
m

This PE adheres to Tri-Service Reliance Agreenents on Human Systens Technol ogy, Medical, and CBD Technol ogy. Oversight
is provided by the Joint Directors of Laboratories, Training and Personnel Systens Science and Technol ogy Eval uation
Managenment and Armed Services Bionmedi cal Research Eval uation and Managenent.

D. (U SCHEDULE PROFILE: Not applicable.
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(U COsT: (Dollars in Thousands)

PROJECT FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
NUMBER & ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM

Materials, Electronics, and Conputer Technol ogy
76, 194 87, 698 77,957 82, 631 83, 951 86, 481 86, 246 87, 802 CONT. CONT.

A, (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: Thi s Program El ement (PE) provides Applied Research to support al
Navy advanced weapon and pl atform system concepts and needs in the areas of materials, electronics, and conputer technol ogy.
Devel oprment al tasks address significant inprovements in ternms of affordability; performance; reliability; high assurance
conmputing; data; information and image processing; distributed collaborative network concepts; real-tine conputing;

envi ronnental inpact; and advanced distributed manufacturing to effect transition of advanced technology to the Navy fl eet.
Devel oprment efforts are part of an integrated Department of Navy Sci ence and Technol ogy process managed by the O fice of Nava
Resear ch.

(U This PE devel ops enabling technol ogies to support nost Joint M ssion Areas, including:

e (U Strike: advanced thernal nanagenent materials for nost platfornms to reduce wei ght and cost.

* (U Littoral Warfare: acoustic signature reducing materials, torpedo warhead materials, vacuumelectronics, solid
state |l ow noise anplifiers, network centric software, and high assurance conputing, imge and infornmation processing
and human conputer interfaces.

* (U Joint Surveillance: real-time targeting, connectivity, counter-jamring and deception, infrared sensors, broadband
control conponents, fiber optics technol ogy, high assurance conputing, and network centric software.

* (U Space and Electronics Warfare/lntelligence (SEWI): lightweight and radiation-hard satellite materials, radio
frequency (RF) solid state devices, high assurance conputing, network centric software i mage and information
processing and distributed col | aborative groupware.

* (U Strategic Deterrence: advanced ballistic missile launcher materials, RF solid-state devices for secure
conmuni cati ons.
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* (U Forward Presence issues: high tenperature pavenments for advanced aircraft, materials for condition based
mai nt enance, RF solid state devices for secure conmunications, high power transmitters for precision strike, high

assurance conputing, and network centric software and decision aids.

e (U Strategic Mbility: devel opment of advanced distributed manufacturing capabilities and advanced long-life

materials for repair of aircraft at sea, ultralight materials.

* (U Land Attack Warfare: Common Tactical Picture (CTP), information exploitation and distribution, Fire Support
Pl anni ng and Coordi nati on, Weapon-Target Pairing, air and ground deconfliction and seamnl ess Force coordination across

C2 Command echelons and Warfare Commander’s Forces who operate in both non-real-time and real-time regimes.

(V) In addition, this PE directly underpins the Readiness Joint Support Area and Support and Infrastructure Joint Support
Area especially in the domains of affordability, environmental quality, and logistics. Programs include environmentally
acceptable coatings for both aircraft and ships and the maintenance of the Navy pier and wharf infrastructure for surge
capacity. This PE also contributes to lower system life-cycle costs through development of technologies that realize more
compact, lighter weight electronic components, and reduction of cost, schedule and operational manpower in computer-centric
systems.

(U) This PE supports the Office of the Secretary of Defense (OSD) Science and Technology (S&T) Investment Strategy in the
following Future Joint Warfighting Capabilities: Real-Time Knowledge of the Enemy, Prompt Engagement of Regional Forces on
Global Basis, Lower-End Actions, Space Control, and Countering Threat of Weapons of Mass Destruction; materials projects
support affordable performance increases in radomes, infrared windows, advanced engines, and platform signature reduction to
allow achievement of military objectives with minimum casualties and collateral damage; materials programs directly support
lightweight, survivable satellite and spacecraft thermal control materials to positively affect the U.S. ability to control
space usage. The PE is an integral part of the following Department of Defense (DoD) Technology Areas: Materials and
Processes, Electronics, and Information Systems Technology. As a foundation technology area it has impact in most other DoD
technology areas as well.

(U) Due to the sheer volume of efforts included in the PE, the programs described in the Accomplishments and Plans
sections are representative selections of the work included in the program.
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(U The Navy S&T programincludes projects that focus on or have attributes that enhance the affordability of warfighting
systens.

(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it

i nvestigates technol ogi cal advances with possible applications towards solution of specific Naval problenms, short of a mgjor
devel opnental effort.

(U PROGRAM ACCOVPLI SHVENTS AND PLANS:
1. (U) FY 1998 ACCOMPLI SHVENTS:

e (U (9%988) SHORE FACI LI TIES MATERI ALS. Shore Facilities Materials provides technology for the structure of piers,
wharves, Naval/Marine Air Station runways, and other facilities required by naval |ogistics and operations, such as
magazi nes and tank farnms. The work is focused on denonstrating affordable materials to increase the life and reduce
mai nt enance costs of such facilities.

- (U Two corrosion denponstration test articles have been fabricated and installed for evaluation. A half-scale
deck specimen utilizing two |ayers of corrosion resistant dual -phase steel was installed at Port Huenene, California.
A prototype cathodic protection system prepared by an inpressed current flame sprayed titani um process, was
installed on a 900 square foot section of reinforced concrete at SUBASE San Di ego pier 5002 for experinental

eval uation. These innovations have the potential to substantially increase the time between repairs and reduce
costs.

- (U Mjor structural -conmposite speci mens were obtai ned and are being subjected to accelerate aging tests, which

wi Il produce the effects of two decades exposure in two years. This new procedure will permt the rapid convergence
to new long life cost effective materi al s.

. (U (%$10,049) Al RBORNE MATERI ALS. (Includes Congressional plus-up, for Second Source Carbon Fibers and Resin
Transfer Mol ding) Airborne Materials provides technology for naval aircraft, including airfranes, propulsion, and
air weaponry. It is focused on those material issues associated with carrier |andings, corrosion and affordability.

- Denonstrated single crystal/powder netal insertable bladed disk systemmaterials for 1200° F conpressors and
1450° F turbines. Subscale conponents such as a disk were successfully fabricat ed.
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- (V) Denobnstrated a process for low volatile organic (340 gramliter) high solids self-primng topcoats for
aircraft ground support equi pnment and identified procedures for reduci ng carbon dioxi de generation. This devel opnent
hel ps the Navy to respond to Environnental Protection Agency (EPA) restrictions on volatile organic conpound content
of paints.

- (U Quantified the benefits of cyanate ester adhesives for rapid curing aircraft repairs. This reduces

mai nt enance costs.

- (U) Designed sensor systems for condition-based maintenance nonitoring of aircraft corrosion and health of
corrosion preventive coatings. This provides needed technol ogy for Navy inplenentati on of condition based

mai nt enance.

- (U Denonstrated casting technology for |arge ganma-titani um aluminide structures with 150°F creep capability for

first generation materials. This will lead to increased thrust-to-weight in Naval gas turbine engines.

- (U Novel low thermal conductivity thermal barrier materials were denonstrated and directions for further
devel opment identified. The materials will result in enhanced life-tinmes and perfornance for Naval gas turbine
engi nes.

. (U ($13,186) SEABORNE MATERI ALS. (Includes Congressional plus-ups for Advanced Intelligent Materials Processing
(Center, Titani um Powder Processing, Conposite Submarine Shelter). Seaborne Materials provides technol ogy for al
ship, submarine, and related nmaterials needs, including hull materials, machinery materials, coatings of all types,
and seaborne weapons materials. This work provides the enabling capabilities for reduced cost and nmai ntenance,

i nproved perfornmance, and reliabl e operations.

- (VU Refornulated both silicone-alkyd and acrylic-latex Infrared (IR) reflective coatings using alternative

pi gments to BASF bl ack pi gnent which has seen a ten-fold increase in price being charged to the Navy.

- (V) Devel oped spray forming procedure for making 50%r-50% N alloy for incinerator applications to reduce the
cost of alloy liners for VORTEX shi pboard waste incinerators by $14,000 per |iner.

- (V) Designed new M L-100S welding wire to mininize costly preheat and elim nate hydrogen cracking for nore

af fordabl e and reliable ship and submarine construction with advanced hi gh strength steels.

- (U Explored strength, fracture, and wel dability characteristics of non-magnetic alloys for ship hull structures
wi th reduced signature.

- (U) Determined ballistic resistance of glass reinforced pol yurethane as candi date |ightwei ght, non-nmagnetic
material for construction of ships with reduced signature.

- (U Expl ored advanced composites for submarine storage capsul e applications.
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- (U Investigated self-canning of powder conponents via selective |aser sintering of the surface.
- (U Continued devel opnent and expl oration of the plasma quench process to produce | ow cost titani um powder.

. (U (%$2,022) M SSILE/ SPACE MATERI ALS. M ssil e/ Space Materials provides technology for tactical ballistic missile
needs, including thermal managenent materials for power generation and protection, and spacecraft thernmal straps and
doublers. Wile this effort focuses on problenms associated with naval systens, it is jointly planned and
coordinated with Arnmy, Air Force and Defense Advance Research Project Agency (DARPA) efforts.

- (U) Feasibility of two alternative heat shield materials with ablation and insul ation performance equival ent to
state-of-the art rayon-base materials using blends of |ow cost carbon fibers was denonstrated. These are potenti al
repl acenents for out-of-production heat shield materials.

- (V) Devel oped cost effective fabrication processes for ceranm c conposites based on haf ni um and/ or tantal um
materials. This will lead to better engi ne perfornmance and reduced cost in Naval missile systens.

- (U Denonstrated the benefits of heat shield replacenent materials that enphasize | ower cost tape w apped
fabrication techniques. This offers | ow cost replacenent candi date for out-of-production heat shield materials.

- (U) Devel oped | ow cost fabrication methods for ceramic materials for applications such as rocket nozzles.

- (U A processing technique for inparting high tenperature strength to sapphire IR transparenci es while naintaining
excel l ent optical quality was denonstrated. Di anmond and enhanced sapphire domes and wi ndows will increase the
attainable velocity of air to air and Theater Air Defense (THAD) nissiles, which will result in inproved lethality
and survivability.

. (U) (%$8,661) MILTI-M SSI ON MATERI ALS. (I ncl udes Congressional plus-ups for photomagnetic materials and Terfenol - D)
Multi-m ssion materials provides devel opi ng technol ogi es for pronising naval applications such as bi onol ecul ar
materials for antifouling coatings on ships. It also supports materials technol ogies for naval systems across a
broad spectrum such as | aser eye and sensor protection as well as sensor/transducer materials for sonar and
conditi on based mai nt enance applicati ons.

- (U Tubul e-based materials for controlled rel ease-coating applications were devel oped and transitioned to

i ndustry. Such materials have the potential to control ship fouling and thus reduce fuel costs.

- (V) Denonstrated high tenperature conposites based on fluorinated and non-fluorinated phthalonitrile polyners for
hi gh tenperature application to multiple platforms. These nmaterials were shown to neet fire specifications for

shi pboard use and thus permt new ship topside stealthy designs.
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- (V) Evaluated netal -plated mcrotubules for electro-active coatings in antenna systens and denonstrated that they
meet antenna isolation requirenments. These nmaterials were shown to be nore cost effective and are schedul ed for
testing for fleetinsertion on the EAGER

- (U Nanostructured WO/ Co, YSZ, and oxide conposite hard coatings were successfully fabricated by thernmal spray on
steel and al um num substrates with significantly enhanced adhesi on, toughness, and wear resistance. Nanostructured
coatings will significantly reduce the cost of nmmintenance for ships, aircraft and | and vehicl es.

- (U Equi prrent was purchased and installed in order to synthesize, for the first tinme, new photonmagnetic nmaterials
and measure their properties.

- (U Injection nolding of 2-D acoustic receiver piezoelectric materials in arrays were denonstrated in diver hand
hel d sonar devices. Such devices are critical to nine detection and renoval.

. (U ($7,665) RF SOLI D STATE DEVI CES AND CONTROL COVPONENTS. Provides for the generation, radiation, reception,
control and processing of Utra H gh Frequency (UHF), Very Hi gh Frequency (VHF), Mcrowave (MN, and MIIlinmeter Wave
(MWY power for Navy all-weather radar, surveillance, reconnaissance, electronic warfare (EW, conmunications, and
smart weapons systenms. The technol ogy devel oped cannot be obtai ned through Conmercial Of the Shelf (COTS) as a
result of the requirenments placed on power, frequency, linearity, bandw dth, weight, and size. Beginning in fisca
year 1998 the M croel ectronics thrust has been nerged with RF Solid State and Control Conponents to highlight the
i ncreasing digital RF enphasis of M croel ectronics.

- (U) Demonstrated low power W-band duplexer components for Navy’s 94 GHz radar program.

- (U) Developed design for highly compact, high Q, tunable bandpass filters and oscillators for transmit/receive

(T/R) module applications.

- (U) Demonstrated InP-based heterojunction bipolar transistors for application to pulsed Ka-band phased arrays for

dual mode electronic counter measures (ECM) resistant strike weapon conformal aperture.

- (U) Demonstrated the device technology for low power, low voltage sub 500nm — 250nm Complementary Metal Oxide
Silicon (CMOS)/silicon germanium (SiGe) devices in 50nm thick Thin Film Silicon-on-Sapphire (TFSOS) for high
performance A/D converters for smart sensors/weapons, space/missile/airborne electronics, advanced stand-off weapons
and EW applications.

- (U) Continued development of the technology for low power, low voltage sub 250nm — 100nm CMQOS/silicon
germanium (SiGe) devices with T-gate structures in 50nm — 30nm thick Thin-Silicon-on-Sapphire (TPSOS) to achieve Ft,
Fmax in the range of >70 GHz — 100 GHz. These devices will allow the development of 16 — 18 bit, 2 - 50
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ki | osanpl es/sec, <1 nw A/D converter for unattended depl oyable renotely controlled sensor systems for sonar and
shal | ow wat er ASW appl i cati ons.
- (V) Denobnstrated the conmponents of a 4-bit, 10 GSPS A/ D based on 100nm m ni mum feature size CMOS TFSCS for EW and
radar applications.
- (U Continued devel opnent of anal og very l|large-scale integrated (VLSI) continuous wavelet transformcircuit for RF
emitter identification
- (U Continued to develop a 25 channel Continuous Wavel et Transformcircuit for EWsignal identification.
- (U Continued to develop p-type doping of GaN grown by Orgono-Metallic Vapor Phase Epitaxy (OWPE). This task wll
enabl e device prograns that rely on the use of p-n junctions.
- (U) Continued to optim ze the interface structure in resonant tunneling diodes grown in 6.1 Angstrom (A) materials
in order to inprove the peak-to-valley ratios and increase current densities.

* (U ($%$112,000) VACUUM ELECTRONICS. Provides for the generation and reception of MN MW/ and sub-mllineter wave
power. The technol ogy bei ng devel oped is not avail able through COTS because of the power and size requirenents.
- (U Dempnstrated el ements of an advanced design tool set for an el ectron gun/collector and helix Traveling Wave
Tubes (TWIs) inpl enentation.
- (U) Demonstrated a high-power, moderate bandwidth gyro-klystron for the Navy’s 94-GHz radar program.
- (U) Continued development of a high-duty, wideband gyro-twystron to meet the requirements of MMW radar
applications.
- (U) Evaluated noise reduction techniques for a coupled cavity TWT for ship-based illuminator applications.

¢« (U) ($3,575) E/O TECHNOLOGY. Provides for the development of IR focal plane arrays to detect targets against various
backgrounds; RF photonics technology to increase the bandwidth and reduce the size/weight of phased arrays; and IR
transmitting fibers for EW applications. The technology being developed is not available through COTS, which is
primarily focused at 1.3-1.55um whereas Navy requires electro-optic devices and components in the threat bands of
2.0-2.5, 3.5-5, and 8-12um.
- (U) Continued to develop mid IR fibers to reduce impurity loss < 0.05 dB/m and total loss< 0.3 dB/m in the 3- 5um
region with emphasis on ruggedized one-meter lengths of cabled fibers; demonstrate IR fibers for 8-12 pum region with
loss < 2 dB/m.
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Continued to devel op 256 x 256 dual band Infrared Focal Plane Array (I RFPA) with one nmi dwave and one | ongwave
band for the detection of targets in clutter.
- (U Continued to develop a 256 x 256 adaptive | RFPA with high dynami c range on-chip el ectronics to inplenment on-
chip nonuniformity correction to handl e challenging i magi ng conditions such as an aerodynanically heated done, both
hot desert and cold sky, and shadows.
- (U) Continued to develop a 128 x 128 color discrimnating | RFPA with two mi dwave bands for the detection of
m ssil es agai nst ground clutter.
- (U) Continued devel opnent of broadband, anplified photoreceiver for 6-20 GHz |inks for ECM and El ectronic Support
Measures (ESM applications.

* (U (9%$9,500) ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPORT TECHNOLOGY. Wth the advances that are currently being nade
in electronics there exists a strong opportunity to realize nultifunctional systens that integrate the functions of
radar, EW and comunications into a pair of transnmt and receive apertures over a broad bandwi dth. It should be
noted that this programis in contrast to the Air Force (AF) and Joint Strike Fighter (JSF) prograns in that it
treats both the transmt and receive functions in separate apertures. This approach avoids the need for tine
allocation of different RF functions and therefore offers the opportunity for nore nmassive integration of RF
functions into the pair of apertures. As a result, this integrated thrust has been forned and the current program
enhanced to capitalize upon ongoing and planned applied research to develop RF solid state and photoni c devi ces.
This programis coordinated with JSF and the AF and has an oversight group with representatives from Space and
Warfare Systens Command (SPAWAR), Naval Air Systens Conmmand ( NAVAIR), Program Executive Ofice (PEO DD 21, PEO
Theater Air Defense/ Surface Conbatant (TAD/ SC), Commopn Support Aircraft (CSA), N86 and N6. Specific efforts within
this thrust include:

- (U Demonstrated a UHF hi gh power circul ator.

Continued to devel op Twystrode/ kl ystrode-conpatible field emitter arrays to reduce size of M crowave Power
Nbdule (MPM for radar and EW applicati ons.
- (U Eval uated several concepts for nultifunctional operation of fiber optic beanfornmer with one and two-di nensi ona
array.
- (U) Denpnstrated feasibility of achieving a structurally enbedded antenna array that is optically controlled over
mul ti-octaves of frequency and capable of being fed by a MV nodul ated optical fiber for use in next generation w de
area surveillance systens.
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- (U Demponstrated the feasibility of a superconducting 10 MHz bandw dth Anal og-to-Digital (A/D) converter operating
with 14 bits of dynamic range for use in next generation wi de area surveillance systens.

- (U) Devel oped the concept for a RF transmt and recei ve beanform ng network capable of RF frequency independent
beam steering over + 60 degrees from boresight using photonic technology to control an antenna array. Characterize

the performance of photonic technology components optimized for various beamforming architectures.

- (U) Designed 100 GHz logic-derived microwave synthesizer with integral beam former.

- (U) Designed low parasitic heterojunction bipolar microwave power transistor with 100 GHz Fmax and 50-200 volt

breakdown voltage.

¢« (U) ($2,255) HIGH PERFORMANCE COMPUTING (HPC). This areas supports development of software processing in embedded,
real-time, systems such as detection of targets in clutter for missiles or the extraction of unknown signals from
background. Functional areas include all-weather non-cooperative target recognition, including Identify Friend or
Foe (IFF), adaptive beam forming and control, advance discrimination, sensor data fusion, and image compression (10x
improvement).
- (U) Demonstrated a cross-platform architecture for three dimensional (3D) Virtual Reality Environment that
interacts with multiple displays.
- (U) Demonstrated a robust embedded algorithm which enables Regionally Partitioned Lossy/Lossless Image Compression,
including a Feature Based Compression scheme, enabling region of interest target identification” for automatic target
cueing.
- (U) Modified the COTS software package, Private Eye to enable multichannel segmentation (including: two spatial,
two spatial and time, ladar range and intensity) to allow fusing of information across multispectral IR bands with
applications in the area of motion analysis and image registration.
- (U) Demonstrated version 1 of the Systems of Systems development software which includes compression and automatic
processing for possible retargeting applications.
- (U) Demonstrated a robust software application suitable for preventing network traffic analysis attacks on Navy
SIPRNET and commercial Internet communications.

e (U)($2,708) ARTIFICIAL INTELLIGENCE AND HUMAN COMPUTER INTERACTION (AI/HCI). This area supports the development of
generic technologies for a large number of application and mission areas that require reasoning under uncertainty
(incomplete information, erroneous information, etc), sometimes in unprecedented situations. These are extremely
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critical to decision making, training, diagnostics, human-conputer interaction, and robot control applications and
functions.

- (U Dempnstrated a Java-based case-based reasoning tool for solving interactive decision aids tasks. Integrated the
Java- based case-based reasoning tool with another tool, PARKA, to support dialogue inferencing;, nodified the tool to
solve crisis response tasks and applied the tool to a United States Marine Corps (USMC) recruiter training task.

* (U ($%$4,585) ENG NEERI NG OF COWPLEX SYSTEMS (ECS). This area supports the devel opment of a set of tools that wll
support the evaluation and assessnent of |arge, conplex systenms Including (1) an integrated neasurenent and
instrumentation framework for reliability, metrics identification and validation, and perfornmance nodeling at the
conponent and systemlevel, and (2) a consistent franework for requirenents specification, design capture, design
optim zation and system specification and assessment.

- (U) Denpbnstrated the Engi neering of Conplex Systens toolset and transitioned to the DD-21 Program O fice (PMs-500).
These tools will be used to define the set of requirements for the DD-21 acquisition program

- (U Denopbnstrated a Portable Common Interface Set prototype (Version 2) [PClS2], enphasizing the use of COTS
conponents and standards, as a US-France wi de-area network software devel opnent system This software provides for
requirenents traceability, configuration managenent, software process support, and the | ow cost production of Defense
Information Infrastructure Conmmon Operating Environnment conpliant software. This will be used to develop coalition

war fare software.

- (U Dempnstrated a software tool that a devel oper can use to specify both timng and functional behavior in

requi rements specifications and applied the tool to the Operational Flight Program (OFP) of a Navy attack aircraft.

- (U Completed an enpirical study showi ng the effectiveness of three formal techniques--termrewiting, Binary

Deci sion Diagrans, and a constraint solver--that automatically detect serious errors (such as m ssing cases and

i nstances of ambiguity) in software specifications containing nunbers and arithnmetic. Used one of the techniques to
automatically detect over 100 instance of ambiguity in the requirenments specification of an Qperational Flight
Program of a Navy attack aircraft.

- (U) Devised several concepts for renote neasurenent of ocean wave slope. Slope information is necessary for
accurately aimng the gun on the Rapid Airborne Mne C earance System (RAM CS) anti-nine system

2. (U FY 1999 PLAN:
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e (U ($891) SHORE FACI LI TI ES MATERI ALS
- ( Determi ne the durability of conposite materials through characterization and material studies for waterfront
upgrades of reinforced concrete structures to reduce the maintenance costs and increase the lifetime of these Nava
facilities.
- (U Design test protocols and conduct tests to characterize nechanical characteristics of prestressed carbon
tendons and to quantify effects of naterial paraneters on durability of nodular hybrid conposite/concrete structura
systens for long applications in long life piers.

* (U ($7,966) Al RBORNE MATERI ALS
- (U Explore the benefits of berylliumalumnumand beryliumtitaniumalloys for aircraft applications.
- (U Demponstrate fabrication technology for conpressor outer vane/diffuser using cast ganma titani um al uni ni des.
This will result in increased performance and decreased cost in Naval aircraft engines.
- (U Conplete denpnstration of 1500°F Ni-turbine disk alloy. This will lead to increased performance (thrust-to-
wei ght) for Naval gas turbine engines.
- (U Continue devel opment of |low volatile organic (340 gramliter) self-primng topcoat for aircraft ground support
equi pment using new procedures for conpliance with EPA air quality regul ations.
- (U Explore cost effective processing routes for high strength di anond material for applications such as infrared
m ssil e dones and wi ndows.
- (U Investigate applique technology for aircraft corrosion prevention to reduce hazardous waste enerated by paint
renoval .
- (U Evaluate corrosion sensor systenms for condition based mai ntenance inplenentati on on operational aircraft.

* (U (9%18,115) SEABORNE MATERI ALS. (Includes Congressional Plus-ups for Advanced Intelligent Materials Processing
Center, H gh Tenperature Superconductors for Propul sion, and Mcronization of Materials (coal)).
- (U Explore inproved anticorrosive coatings for non-magnetic ship hulls required for stealth and m ne
count er neasur es.
- (U Explore corrosion sensors for ship ballast tanks for inplenmentation of condition based mai nt enance.
- (U ldentify naterials upgrades for long life seawater valves for life cycle cost reduction
- (U Explore guided wave ultrasonics for detecting corrosion/erosion in shipboard piping w thout renpving insulation
for inplenentation of condition based nai ntenance.
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- (U Dempnstrate sel f-canning of powder components via selective |aser sintering of the surface

- (U Explore the dynamic strength and fracture resistance of very lowinterstitial titaniumalloys for ship and
submarine application to enhance survivability.

- (U Evaluate strength, fracture, and weldability characteristics of non-magnetic stainless steel for ship hul
structures for signature reduction

- (U) Design, fabricate and test inproved fender systemusing fiber reinforced urethane conposites.

- (U Investigate fire resistance and | ow velocity inpact damage of carbon reinforced pol yurethane as candi date

i ghtwei ght, non-magnetic material for construction of ships for signature reduction

- (U Denponstrate new M L-100S wel ding wire designed to enable nore affordable and reliable welding of high strength
steels in ship and submarine construction through reducti on of preheat and elimnation of hydrogen cracking for
construction and mai nt enance cost reduction.

- (V) Develop inproved nodels of deformation and fracture of hull materials, for incorporation into conputer codes to
simul ate response of ship and submarine structural materials to underwater explosion, in cooperative program between
U.S. and Gernany.

- (U Explore advanced hydrogen managenent techniques in regard to overall enhancenent of cracking resistance in next
generation high strength steel welds for ship and submarine construction for maintenance cost reduction

(U) (%$2,763) M SSILE/ SPACE MATERI ALS. (I ncl udes Congressional Plus-up for Carbon-Carbon Materials for Reentry

Vehi cl es) .
- (U Denpnstrate fabrication technology for affordable and reliable | ow cost hybrid materials for reentry vehicle
heat shield applications. This will result in |ower cost replacenments for no-longer produced heat shield materials.
- (U) Denopbnstrate the benefits of ceramic materials for protection of propul sion conponents and ot her high tenperature
i mpi ngenment applications in terns of predictive nodels and material screening test development. This will result in
reduced cost and inproved engi ne perfornmance for Naval nissiles.
- (U Evaluate advanced ceranic materials in rocket environment. This will result in higher operating tenperatures

and greater reliability for Naval nissiles.

(U ($8,908) MILTI-M SSI ON MATERI ALS. (I ncl udes Congressional Plus-ups for Hi gh Thermal Conductivity Fibers for
Ther mal Managenent Material s).
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- (U Devel op phase one conputer programto nodel non-linear optical materials in optical linmting devices for |aser
eye protection. Such materials have the potential for frequency agile protection for Marine Corps.

- (U Demponstrate a systemand controlling software for a reliable ultrasonic tonmography that alleviates the problem
of refraction to increase the ability to rapidly inspect aging platforns.

- (U Dempnstrate inproved processing technology to reduce the cost of microtubule materials and conposites for
advance shi pboard applicati ons.

- (U ldentify critical Navy applications in weapons gui dance devices for new single crystal high strain

pi ezoel ectric crystals for mine detection and renoval .

- (U The use of nanostructured tungsten carbide cobalt (WY Co) coatings will be denonstrated by fabrication and
testing of selected prototype conponents. Devel opnent of techniques for fabrication of nanostructured ceranic and
al umi num matri x conposite coatings will be carried out. Production of nanostructured feedstock materials will be
scaled up to pilot plant capacity. This will result in maintenance cost reduction due to repair versus replacenent
for ship and submarine machi nery conponents.

« (U ($12,737) RF SCLI D STATE DEVI CE AND CONTROL COVPONENTS. (I ncludes Congressional Plus-ups for Superconducting
Wavef orm Generator and Silicon Carbide Seni conductor Mterials).
- (U) Demonstrate 80 kW W-band duplexer for Navy's 94 GHz radar program.
- (U) Develop design parameters for heterojunction varactor to be used in highly compact, high Q, tunable bandpass
filters and oscillators for T/R module applications.
- (U) Develop InGaP/GaAs heterojunction bipolar transistors for application in pulsed Ka-band phased arrays for dual
mode, ECM resistant hyper-velocity strike weapon conformal aperture.
- (U) Demonstrate the device technology for low power, low voltage sub 500nm — 250nm CMOS/SiGe with T-gate structures
in 50nm thick TFSOS. These devices, which have frequency performance (Ft, Fmax) in excess of 50 GHz, allow the
development of RF analog front end receivers, 16-bit, 125 megasamples/sec and 10-bit, 2.6 gigasamples/sec A/D
converters, for digital receivers (X-band)/EW/Communication/signal intelligence.
- (U) Demonstrate the analog portion of the very low power (<0.4 mw) high-resolution (16 — 18 bit) 2 -5
kilosamples/sec A/D converter for sonar, shallow water Anti Submarine Wafare (ASW) applications.
- (U) Demonstrate components of 16 bit, 125 megasample/sec A/D converter for application to wide bandwidth digital
ASW receiver to meet Navy multi-channel acoustic system requirements.
- (U) Develop a 25 channel Continuous Wavelet Transform circuit for EW signal identification
- (U) Develop 6.1 Angstrom (A) materials for high frequency applications.

R-1 Line Item 10

UNCLASSIFIED

Budget Item Justification
(Exhibit R-2, Page 13 of 22)



UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDCGET ACTIVITY: 2 PROCGRAM ELEMENT: 0602234N
PROGRAM ELEMENT TI TLE: MATERI ALS, ELECTRONI CS, AND COWMPUTER TECHNOLOGY

- (U) Develop 25 watt Gallium Nitride (GaN) X-band anplifier for high power transmtter applications

- (U) Develop galliumnitride heterojunction field effect power transistor for 6 - 18 GHz operation for next
generation E/ M power anplifiers.

* (U) ($10,000) VACUUM ELECTRONI CS.

(U) Devel op a high average power, noderate bandw dth gyro-klystron for the Navy 94-GHz radar program
- (U) Develop a 2D/ 3D electron gun and col |l ector design code for vacuum devi ces.
- (U) Develop an ultra-w de band vacuum power booster for EWapplications.
- (U) Develop a high-duty, w deband gyro-twystron to support radar and EWapplications at nillimneter-wavel engths.

* (U ($5,511) E/ O TECHNOLOGY.
- (U) Develop a 256 x 256 adaptive | RFPA
- (U) Develop optical microwave link with 50 mw out put using <2.0V Vpi external lithiumniobate nodulators at 20 GH.
- (U) Develop 3 band IR detector to enhance performance agai nst counternmeasures and stealthy targets.

- (U Develop md-1R fibers with loss < 0.2 dB/fmin the 2 - 5 pmregion and inprove fiber fabrication techniques to
achieve high tensile strength fibers. Reduce fiber defects and optinize fiber preparation to achieve power danage
threshold > 1.2 GWcnf. Devel op broadband, high damage threshold AR coatings for 2 - 5 umregion. Develop cabling
techni ques for ruggedi zed, thermally tol erant one-neter cabl es.

- (U Evaluate InAs/InGaSb growt h techniques and transfer the techniques to industry and device technol ogy prograns.

* (U (%10,500) ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPORT TECHNOLOGY.

- (U Develop CWultra broadband (1 - 18 GHz), ultra linear (cross nodul ati on products 28 dbm bel ow fundanent al
signal) conpact anplifiers suitable for use in next generation w de area surveill ance systens.
- (U) Devel op a superconducting A/ D capable of 19 bits of dynam ¢ range over a 20 MHz spectrum for use in reducing
background clutter in littoral warfare surveillance operations.
- (U) Develop a RF transnit and receive beanforning network for the generation of sinultaneously nultiple frequency

independent RF beams capable of beamsteering over + 60 degrees from boresight on transmit and receive with control

structure that preserves a 500 MHz instantaneous RF bandwidth for each beam.

- (U) Implement concept for 100 GHz logic-derived microwave synthesizer and design integral phase and frequency
modulator for synthesizer for 1 - 5 GHz output signals.
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- (U Fabricate fromw de bandgap seni conductors and begin testing of |ow parasitic bipolar mcrowave power anplifier.

(U) (%$9,129) COMVAND AND CONTRCL AND COMVBAT SYSTEMS. Beginning in FY99, the HPC, the Al/HCI, and the ECS prograns

will be restructured into an integrated programentitled Command and Control and Conmbat Systens. This consolidation

refl ects a change in programmati c enphasis towards the direct support of Network Centric Warfare. Scientific domains

of interest include (1) dependable and hi gh assurance computing; (2) inage processing and information exploitation;

(3) visualization of the Cormbn Operational Picture (COP)/Conmon Tactical Picture (CTP) including virtual reality

environnents; (4) decision support and col |l aboration; and (5) networked engagenent and operations. The focus is on

hi gh assurance requirements specification and requirenents testing, inmage conpression and feature recognition, 3D

virtual displays, architectures to nerge Conmand and Control and Conbat Systens, and distributed software devel opnent

to support Defense Information Infrasturcture Conmon Operating Environment (DIl-COE) systens such as the d obal

Command and Control System (GCCS).

- (U Incorporate intelligent agents into 3D virtual reality architecture to control interactions and data fl ow

bet ween entities.

- (U) Develop collaborative software for conmbat system applications with allied and coalition countries |eading

towar ds interoperabl e systens.

- (U Dempnstrate the ability to fuse inage and defense terrain el evation data to produce inproved maps supporting

targeti ng and nmission planning. Apply techniques to produce image nosaics wth variable spatial resolution.
Denonstrate the feasibility of using ocean wave sl ope neasurement by renote wave sensing in the littoral region

(shal | ow water) towards inproving the RAMCS anti-nine system Devise, inplenment, and test a methodol ogy for renoval

of capillary wave distortions in airborne |idar inages of underwater m nes.

- (U) Demonstrate version 2 of the “System of Systems” software and evaluate the joint effects of compression and

noise upon data link performance. Modularize the compression algorithms, template design algorithms, and

communications channel models and perform Monte Carlo simulations to analyze the effects of compression on the

quality of the templates generated.

- (U) Demonstrate a case-based reasoning toolset and integrate it with Stanford’s INCA planner/scheduler for hazard

materials spills; Develop automated methods for a case authoring task within the toolset and integrate with other

systems to support interactive Command, Control, Communications, Computer, and Intelligence (C4l) plan authoring and

monitoring.

- (U) Design and test a prototype software tool which uses three formal techniques (term rewriting, Binary Decision

Diagrams, and a constraint solver) to automatically detect errors in software requirements specifications containing
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variables of different types (real, integer, Boolean, and enunerated); analysis of such specifications is not
feasible with current technol ogy.

- (U Demonstrate flexible techniques to significantly reduce vulnerability of Navy Internet traffic to traffic flow
analysis, making it difficult for conmercial Internet routers to deternine which Navy facilities are comunicating
with other Navy facilities via the comercial Internet infrastructure.

- (U) Develop an technical architecture that can provide the needed interfaces for achieving distributed force

coordi nati on between the command and control information grid (non real-tinme) and the Conbat System (real-tinme) grid
in support of network centric speed of conmand and force synchronization

- (U) Develop a scaleable architecture for a consistent COP/CTP that portrays a coherent visualization of the

batt| espace anong distributed decision nakers fromCINC to unit |evel

e (U (%1,178) Portion of extramural programreserved for Small Business |nnovation Research assessnent in accordance
with 15 USC 638.

3. FY 2000 Pl an:

. (U ($1,000) SHORE FACI LI TI ES MATERI ALS.
- (U Characterize long-termtine dependent system behavior and stress rupture response under sustained stress for
nodul ar hybrid conposite/concrete structural systens for long |life-1ow nmal ntenance shore facilities.
- (U) Develop concepts for application of non-destructive evaluation (NDE) technol ogies to nodul ar hybrid
conposite/concrete systens to enabl e cost effective approaches to repair.

e (U ($8,976) Al RBORNE MATERI ALS
- (U Explore turbine case fabrication technology for orthorhonbic Ti alloys. This will result in inproved
performance and |ighterweight in Naval aircraft engines.
- (U Explore feasibility of oxidation resistant Mb-Alloy w 2500°F capability. This will result in revolutionary
performance i nprovenents in Naval aircraft engines.

- (U Continue evaluation of corrosion sensors in operational aircraft for inplenentation of condition based
mai nt enance.

R-1 Line Item 10

UNCLASSIFIED

Budget Item Justification
(Exhibit R-2, Page 16 of 22)



UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDCGET ACTIVITY: 2 PROCGRAM ELEMENT: 0602234N
PROGRAM ELEMENT TI TLE: MATERI ALS, ELECTRONI CS, AND COWMPUTER TECHNOLOGY

- (U Evaluate corrosion prevention applique technology in operational carrier environnents to reduce hazardous
mat eri al di sposal costs.
- (U ldentify chromate and cadni um repl acement technol ogies for aircraft to conformw th EPA regul ati ons.

* (U (%10,555) SEABORNE MATERI ALS
- (U Integrate conposite and multifunctional technol ogies for reduced signature and wei ght in ship topside design
- (U) Develop innovative, nore affordable processes for inproved wel ding/joining of non-magnetic ship hull materials
to reduce signature and provi de m ne counternmeasures.
- (U Investigate non-magnetic alloys in regard to strength, fracture behavior, fabrication, and corrosion protection
for ship hull application to reduce signature.
- (U) Develop inproved fire-resistant, | ow cost conmposite material systems to enhance fire-fighting capability.
- (U) Develop prediction capability for (UNDEX) |oaded hull structural material with rupture to inprove warfighting
ability.
- (U) Continue evaluation of coatings technology for non-magnetic ship hull applications to reduce signature.
- (U Evaluate corrosion sensors in ballast tanks of operational ships to enable inplenentation of condition based
mai nt enance.
- (U Eval uate upgraded seawater valves in operational ship systens to reduce life cycle costs.
- (U Transition guided wave ultrasonics corrosion/erosion detection technology to fleet to enable inplenmentation of
condi tion based mai nt enance.

* (U ($%$1,432) M SSILE/ SPACE MATERI ALS
- (U Investigate Refractory nmetal (Hf, Ta) spraying process for fabrication of |owcost netal nozzles which wll
i ncrease performance and reduce cost in nissile engines.
- (U) Devel op oxidation nodels for ceranic systens of interest (HFC, HHW H B2) which will result in inproved
performance and reduce devel opnent costs for nissile propul sion systens.

* (U ($7,368) MILTI-M SSI ON MATERI ALS
- (U Explore new formul ati ons of phthal ocyani nes that do not show perfornmance degradation at high fluences
(energy/area) for advanced | aser eye and device protective devices.
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- (U Establish industrial fabrication processes for tubules and fornul ated conposites for transition to fleet

appl i cations.

- (U Dempnstrate the perfornmance of single crystal piezoelectrics (high sensitivity-2 Octave Bandw dth) in high
frequency ultrasonic i magi ng transducers for torpedo gui dance and m ne detection.

- (U Use of nanostructured oxide ceram c coatings will be denonstrated by fabrication and testing of selected
conponents. Techniques for fabrication of nanostructured N -based alloy coatings will be developed for nulti-nission
applications.

* (U (9%$9,789) RF SOLID STATE DEVI CE AND CONTROL COVPONENTS.
- (U) Denonstrate highly conmpact, high Q tunable notch filter for T/R nodul e applications.
- (U Demponstrate galliumnitride heterojunction field effect power transistor for 6 - 18 GHz operation for next
generation E/ M power anplifiers.
- (U) Continue the development of gallium nitride based heterojunction bipolar transistor in the 1 — 18 GHz spectrum
and connected as class B, push-pull for maximum efficiency and linearity for ultra wideband MPM applications.
- (U) Demonstrate compact varactor tuned filter for T/R module applications.
- (U) Demonstrate 25 watt GaN X-band amplifier for high power transmitter applications.
- (U) Develop a programmable time delay hybrid circuit for improving co-site interference canceller accuracy over VHF
operation bandwidth.
- (U) Demonstrate SiGe T-Gate structures with Ft, Fmax > 100 GHz and equal p/n channel MOSFET mobilities to minimize
CMOS circuit area.
- (U) Apply and transition the technology of CMOS low voltage, low power sub 250nm — 100nm SiGe with T-gate structure
in 50nm — 30nm TFSOS for the implementation (design, fabrication and demonstration) of K-band (40 GHz) low noise
analog front-end receiver functions and 4 bit, 20 gigasamples/sec A/D converters using two time-interleaved 4 bit, 10
GSPS A/D converters.
- (U) Demonstrate a 25 channel Continuous Wavelet Transform circuit for EW signal identification.

* (V) ($10,000) VACUUM ELECTRONICS.
- (U) Develop an ultra-wideband MPM for EW applications.
- (U) Develop a vacuum power booster for a 2-D array MPM for phased array applications.

R-1 Line Item 10

UNCLASSIFIED

Budget Item Justification
(Exhibit R-2, Page 18 of 22)



UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDCGET ACTIVITY: 2 PROCGRAM ELEMENT: 0602234N
PROGRAM ELEMENT TI TLE: MATERI ALS, ELECTRONI CS, AND COWMPUTER TECHNOLOGY

- (U) Develop an airborne conpatible gyroklyston with gridded el ectron gun for high pulse repetition frequency (PRF)
radar to provide unanbi gous doppl er at W band.
- (U) Devel op high speed design codes for coupled cavity TWIs to provide for reduced noise in Navy shipboard

i Ilum nator applications.
- (U Devel op high brightness scandate cathode in high perveance TWI to increase reliability through | ower operating

tenperature.

. (U) (%5, 867) E/ O TECHNOLOGY.
(U) Denonstrate an adaptive two color I RFPA for increased clutter and background rejection
- (U) Denopbnstrate a three color IR detector to enable discrimnation against advanced counter neasures.
- (U) Develop a small pixel color discrimnating | RFPA for wide field of view shipboard IRST and theatre nmissile
def ense interceptor applications.
- (U Optimze fiber fabrication techniques to achieve goal of 0.1 dB/fmloss in 2 - 5 pymregion and proof-test fibers

to goal of 50,000 psi for EWapplications. Reduce AR coatings reflectance to 2%in 2 - 5 umregion. |nprove optical
power damage threshold to achieve goal of 1.5 GNcnR in AR coated fibers. Develop cabling techniques for 10 mlength
cabl es which are ruggedi zed and neet system environnmental specifications.

- (U Select final approach (e.g. lateral epitaxial overgrowh or conpliant substrate) for the synthesis of |ow
defect materials for reducing the cost of infrared materials and inproving their performance.

e (U (%$12,613) ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPCORT TECHNOLOGY. Wth the advances that are currently bei ng nade
in electronics there exists a strong opportunity to realize nultifunctional systens that integrate the functions of

radar, EW and comuni cations into a pair of transmt and receive apertures over a broad bandwi dth. It should be
noted that this programis in contrast to the Air Force (AF) and Joint Strike Fighter (JSF) programs in that it
treats both the transnmit and receive functions in separate apertures. Thi s approach avoids the need for tine

all ocation of different RF functions and therefore offers the opportunity for nore massive integration of RF
functions into the pair of apertures. As a result, this integrated thrust has been formed and the current program
enhanced to capitalize upon ongoi ng and planned applied research to develop RF solid state and photoni c devi ces.
This programis coordinated with JSF and the AF and has an oversight group with representatives from Space and
Warfare Systems Command ( SPAWAR), Naval Air Systems Command (NAVAIR), Program Executive Ofice (PEO DD 21, PEO
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Theater Air Defense/ Surface Conbatant (TAD/ SC), Common Support Aircraft (CSA), N86 and N6. Specific efforts within
this thrust include:

- (U Denpnstrate noderate power continuous wave (CW ultra broadband (1 - 18 GHz), ultra linear (cross nodul ation
products 28dbm bel ow fundanental signal) conpact anplifiers suitable for use in next generation multifunctional wide
area surveillance systens and al so suitable for use as drivers in mcrowave power nodul es.

- (U) Develop low parasitic bipolar nicrowave power amplifier for the 1 - 5 GHz spectrum

- (U Dempnstrate a 100 GHz | ogi c-derived mcrowave synthesizer for 1 - 5 GHz output (sans nodul ator)

- (U) Select final approach to A/D converter with real time adjustment of resolution vs bandwi dth and suitable for
use with advanced nultifunctional RF systens.

- (U Continue the devel opnment of a nulticonmponent nodel for antenna isolation and coupling to assess options for
m nimzing interference and self-jamng of multifunciton apertures.

« (U (%$10,357) COMMAND AND CONTROL AND COVBAT SYSTEMS.
- (U) Denpnstrate distributed software that will enable users at renpte |locations to collaborate for effective
pl anning using 3D, interactive virtual reality displays with objects having physical realism
- (U Precisely quantify inmage spatial donmain error propagation and further study the problem of feature detection in
wavel et space.
- (VU Integrate the Software Requirenents Specification tool that conbines the three decision procedures (term
rewiting, Reduced Ordered Binary Decision D agrams, and a constraint solver) into the existing toolset.
Eval uate the prototype tool as well as the TAMVE tool (which uses a mechanical prover to analyze properties of time
aut omat a nodel s) for detecting violations of application properties in tinmed requirenment specifications.
- (U) Under the ‘System of Systems’ program, demonstrate chip out technology and develop/understand transmitting the
targeting template through additional compression stages in the presence of channel noise. Introduce techniques to
optimize joint channel source encoding to maximize performance and adapt the system.
- (U) Demonstrate a distributed software infrastructure prototype development for use in integrating COTS tools
(PCIS2) by incorporating Software Process, Configuration Management, and wide-area traceability capabilities.
- (U) Continue development of interface specification and architecture merging command and control functions and
platform battle management in a secure distributed network combining non-real-time and real-time databases and
operations.
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(U) PROGRAM CHANGE SUMVARY:
FY 1998 FY 1999 FY 2000
(U) FY 1999 President’s Budget: 70,174 77,617 81,026
(V) Appropriated Value: 88,117
(U) Adjustments from FY 1999 PRESBUDG: +6,020 +10,081 -3,069
(U) FY 2000 PRESBUDG Submission: 76,194 87,698 77,957

(U) CHANGE SUMMARY EXPLANATION:

(U) Funding: The FY 1998 adjustment reflects actual update adjustments (+3,245), Small Business Innovation Research
reduction (-225) and Terfenol-D Line Item Veto Override (+3,000). FY 1999 adjustment reflects the following
Congressional additions: Materials Micronization (+4,000), Advanced Materials Intelligent Processing Center (+3,000),
High Temperature Superconductors for Propulsion (+2,000), Carbon-Carbon Materials for Reentry Vehicles (+1,500), High
Thermal Conductivity Fibers for Thermal Management Materials (+2,500), Superconducting Waveform Generator (+1,000)
and Silicon Carbide Semiconductor Materials (+3,500), Congressional Undistributed reductions (-419), and

Congressional General reduction (-7,000). FY 2000 adjustment reflects Program adjustments (-2,817), Navy Working
Capital Fund (NWCF) rate adjustment (+602), Civilian Pay Rates (+274), and Non Pay Inflation (-1,128).

(U) Schedule: The reductions in FY 2000 as noted above, preclude certain aspects of expansion, risk reduction and
early transition in the following thrust areas: Airborne Materials, Shore Facilities, and Multi-mission Materials,

RF Solid State Devices and Control Components, and Command, Control and Combat Systems. Specific areas affected
include: research in the area of integration of electrically switchable radome materials into airborne systems;

engineered lumber for pilings; new composite concrete; transitioning high performance A/D power converters to

military systems; verification and validation of software supporting Network-Centric Warfare; multi-level security

software for Navy Systems; and integration of real and non real-time Navy information systems.

(U) Technical: The thrust areas of Airborne Materials, Shore Facilities, RF Solid State Devices and Control
Components, and Command and Control and Combat Systems will see an overall decrease that will increase the
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technical and transition risk for front frane technology for aircraft engines, especially F414 in the F/ A-18E/ F;

i ncrease the technical risk for transition of engineered |unber for pilings; increase the technical risk for
transition of laser protective materials; increase the technical risk and devel opment tinme of A/D converters that
can be used for all sensor systems; increase vulnerability to intrusion and conmputer security threats for Navy
COTS based Information Systens, as well as increase the systemacquisition certification and mai ntenance costs for
Net wor k- Centric Warfare Systens.

C. (U OTHER PROGRAM FUNDI NG SUMVARY: Not appli cabl e.

(U RELATED RDT&E:
PEs 0601102A, 0601102F, 0601153N (Defense Research Sciences)
PEs 0602105A, 0602102F (Materials Technol ogy)
PEs 0602705A, 0602709A, 0602204F, 0602702F (El ectronic Devices Technol ogy)
PEs 0602783A, 0602783A, 0602202F, 0602702F, 0603728F, 0602301E, 0603226E ( Conputer Technol ogy)
PE 0602303A (M ssil e Technol ogy)
PE 0602601A (Conbat Vehicle and Autonotive Technol ogy)
PEs 0602702F, 0602232N ( Command, Control and Conmmuni cati ons)
0602786A (Logi stics Technol ogy)
PE 0602111N (Air and Surface Launched Wapons Technol ogy)
PE 0602121N ( Ship, Submarine and Logi stics Technol ogy)
PE 0602122N (Aircraft Technol ogy)
PE 0602314N (Undersea Warfare Surveillance Technol ogy)
PE 0602323N (Submari ne Technol ogy)
PE 0602270N (El ectroni c Warfare Technol ogy)

EECECEECEEECEE
1Y)
m

(U This PE adheres to Defense Technol ogy Area Plan (DTAP) and Def ense Technol ogy bjective (DTO Agreenments on
Advanced Materials, Electronics and Conputer Technology with oversight provided by the Joint Directors of Laboratories
and Joint Engineers. This PEis integrated with the 6.1 and 6.2 PE' s shown above and is fully coordinated with
efforts in DoD through Joint Director of Laboratories and Defense Task Area Pl ans activities.

D. (U FUNDI NG PROFI LE: Not applicabl e.
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(U COST: (Dollars in Thousands)

PRQJECT
NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TI TLE ACTUAL  ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM

El ectronic Warfare Technol ogy

16, 982 22,743 24,659 25,462 27,049 27,777 28, 469 29, 195 CONT. CONT.

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: The Navy El ectronic Warfare (EW Sci ence and Technol ogy
(S&T) Program addresses identified technology requirements for EWin cooperation with the other Services, placing
speci al enphasis on Naval EWroles in Information Warfare (IW. This program devel ops technol ogi es which support the
effective utilization of Naval force capabilities in the conduct of the Navy’'s Joint Mission Areas defined by Office of

the Chief of Naval Operations (OPNAV) (i.e., Strike, Littoral Warfare, Intelligence, Surveillance and Reconnaissance,

Command, Control, Communications, and Computers (C4) and Information Warfare, and Nuclear

Deterrence/Counterproliferation of Weapons of Mass Destruction). It is also vitally associated with future joint

warfighting capabilities of “maintaining near perfect real-time knowledge of the enemy and to counter the threat of

cruise missiles to the Continental United States and deployed forces”. The program is planned jointly in accordance

with Defense S&T Reliance agreements that allocate various EW disciplines and their attendant technology development

responsibilities between the Army, Air Force and the Navy. As part of the Integrated S&T EW Program, efforts are

subject to review and execution oversight by the Director of Defense Research and Engineering (DDR&E) Technology Panel

for Electronic Warfare (TPEW).

(U) The emergence of a polycentric strategic environment, the evolving and diversified nature of the threat, and the
proliferation of arms and technology have contributed to shifting the focus of conflict to regional and littoral areas.
Concurrently, the global arms industry continues to supply increasingly sophisticated sensors and weapons to the world-
wide arms market. The heterogeneous combination of military and commercial systems dictates the need to develop more
advanced EW technologies that will be able to adequately exploit and counter the use of new threats.

(U) The structure and balance of this program are responsive to OPNAV guidance and identified System Command
warfighting requirements and needs. The program features the integration of 6.1 and 6.2 programs with 6.3 EW core
programs and Advanced Technology Demonstrations (ATDs) which can produce prototypes suitable for naval force
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depl oynents and denpnstrations. Programintegration is achieved through the transition and inplementation of program
products. The program continues to support the Navy’s highest priority need, Ship Self-Defense. It develops EW

technologies to counter a range of threats (including multi-spectral/multi-modal sensors and seekers) and spans the

entire electromagnetic spectrum by improving threat detection, identification, and location in the battle space. The

program transitions new technologies to tactical aircraft (TACAIR), low observable aircraft, surface EW platforms, and

Pre-Planned Product Improvement (P3I) programs through developmental upgrades and direct technology insertions.

(U) Due to the sheer volume of efforts included in this Program Element (PE), the programs described in the
Accomplishments and Plans section are representative selections of the work included in this PE.

(U) The Navy Science and Technology (S&T) program includes projects that focus on or have attributes that enhance the
affordability of warfighting systems.

(U) JUSTIFICATION FOR BUDGET ACTIVITY: This program is budgeted within the APPLIED RESEARCH budget activity because it
investigates technological advances with possible applications toward solution of specific Naval problems, short of a
major development effort.

(U) PROGRAM ACCOMPLISHMENTS AND PLANS:

1. (U) FY 1998 ACCOMPLISHMENTS: FY 1998 funding reflected an enhanced program to address stand-off jamming (SOJ)
technology for next generation support jamming. Work continued on shipboard sensor and weapons response involved in
operations in littoral regions. Programs concerning combat identification, precision strike and information dominance
continued.

« (U) ($3,218) THREAT WARNING - The objective is to develop small and inexpensive radio frequency (RF) receivers
and demodulation techniques to recognize and characterize complex modern-modulation waveforms and to exploit both
active and passive electro-optical/infrared (EO/IR) technologies to provide early warning of hostile action, either
surveillance or attack, to United States military platforms and to assist in identifying and countering the threat.
- (U) Coordinated development and packaging of a 12-bit analog-to-digital converter to provide a 24 decibel
increase in dynamic range for the extraction of signals and of processing hardware for use in a miniature
Specific Emitter Identification (SEI) system for tactical aircraft, Unmanned Air Vehicles (UAVs), and portable
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systens and naking it attractive for application in weapons systens such as H gh Speed Anti-Radiation Mssile
(HARM) .

- (U Field tested the double delta direction finding systemto provide a passive high precision direction
finder conparable to multi-channel phase interferoneters for air and surface platforms.

- (U) Inproved de-interleaver algorithns and designed a prototype systemwhich extracts SEI information from
nmodern tactical mlitary radars possessing nore stable, near flat, RF sources focusing on the tactica
application of SEI to the conmander in the field, onboard ship, or in the air.

- (U) Devel oped an airborne counterfire systemwhich detects nortar, artillery, and other |arge caliber
weapon firings, and, via a satellite or radio Iink, conmmunicates their location to counterfire units.

- (U) Devel oped an inproved signal processing concept providing capability for detecting frequency nodul ated
conti nuous wave (FMCW signal with a signal-to-noise ratio of zero decibels to address the Advanced Integrated
El ectronic Warfare System (Al EWS) program requirenment of detecting and identifying certain FMCWsignals to
provi de early warning and cuei ng of ship self-defense weapons systens.

. (U ($7,628) SELF PROTECTION - The objective is to provide a fundanental technol ogy base, from conponents to
systenms, to support the prototype devel opnent of future onboard and of fboard EWsystens, to enhance Naval success in
Littoral Warfare, Strike, Sealift/Protection, Strategic Deterrence, and Space and El ectronic Warfare (SEW
Intelligence. The entire radar RF frequency band from high frequency (HF) to mllineter wave (MWY is covered under
this project. It also includes the protection of U S. Naval platforns agai nst EQ | R gui ded weapons by the
devel opnent of new infrared (IR) materials for decoys and new depl oyment concepts and t he devel opment of
technol ogi es for | aser based jammers.
- (U) EBEval uated robustness of janm ng techniques and smart jam codes and tinelines for causing optica
breakl ock for the integrated onboard/of fboard counterneasures (CM solution to | aser-guided threats that wll
chal | enge Navy and Marine surface vessels operating in littoral areas.
- (U Tested wavefornms to determne tineline effectiveness of directional infrared counterneasures (IRCM
against Anti-Ship Cruise Mssile (ASCM threats and use optical augnentation and Myving Target |ndicator
sensors to determ ne which smart waveforms seduce missiles and mnimze chance of reacquisition after
initiating directional |ock transfer to enhance capability of the Al EWS system agai nst advanced | R gui ded
anti-ship threats
- (U) Added and tested a floating conponent to the Multi-cloud decoy which will increase the lifetime of the
devi ce thus enhanci ng ship self-defense against IR guided anti-ship threats.
- (U) Concluded Kinematic Special Miterial Decoy effort with a final report and transfer of concept design
and technol ogies to prograns in Navy 6.3 El ectronic Warfare Advanced Technol ogy program and Air Force 6.2 EW
programthat are devel oping thrusted infrared counterneasure decoys.
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- (U Inproved antenna isolation nodel to represent antennas mounted on flat surfaces coated with Radar
Absorbing Material for any decoy platformand inplenented interference cancellation techniques to achieve

hi gher decoy effective radi ated power through i nproved antenna isol ation

- (V) Denobnstrated final integration and flight-tested the ANV ALQ 167 pod nounted M ni - URANUS system (a

nmodul ar, fully coherent janmer capable of jamring nultiple sinultaneous threats) for standoff and self-
protection of aircraft, helicopters, and potentially UAVs, as part of the next generation electronic attack
functi on.

- (U Integrated electronic attack (EA) subsystens with el ectronic support (ES) subsystem and perforned | ab
test of the Small Ship Jamrer devel oped for physically small surface patrol craft that have no active onboard
EA sel f-protection capability (e.g., the PCG1 and MK V Special Operation Craft) and are currently involved in
fleet littoral warfare operations.

- (U) Performed susceptibility analysis and devel oped final cooperative |IRCMtechniques to focal plane arrays
(FPAs) on selected foreign and donestic FPAs as part of a tri-service planned and funded programto assess the
susceptibility of imagi ng seeker conponents for the devel opnent of CM agai nst advanced i maging IR m ssiles.

* (U (%$6,136) M SSION SUPPORT - The objective is focused on inproving the ability to assess EW performance rangi ng
fromindividual system platformthrough operations in Joint Mssion and Support Areas such as training and the
research infrastructure. A major goal of this research area is to explore devel opment of Battle Management deci sion
aids that fit within the established Navy conmand and control system depl oyed t hroughout the fleet. The focus is
al so on advanced surveillance techni ques and jamm ng and decepti on of command and control systems and data |inks and
t he devel opnent of capabilities for strike, surveillance, electronic counterneasures (ECM and ot her m ssion-support
aircraft to inprove situati on awareness, to provi de dependabl e conbat identification and to deternine the intent of
eneny forces by passive nmeans while disrupting their capability to obtain and di ssem nate tactical infornation.
- (V) Selected design configuration, and built and tested a baseline nodel of a Mcro Air Vehicle capable of
carrying avionics and a radar jamm ng payload, but |ight enough to be carried by an individual infantrynan,
for discreet Navy m ssions.
- (U Evaluated tri-service field tests of counterneasures agai nst nodern cellular radi o comruni cation
systenms and transition counterneasure techniques into the EA-6B janmm ng system
- (U Integrated the use of the real-tinme software bridge in next generation, dynam c information fusion
systenms as part of a visually rich command and control warfare sinulator capable of synthesizing realistic
operations found in nmodern conbat m ssions for assessing Naval operational situations, planning future
operations, and eval uating system effectiveness.
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- (U) Conducted validation of heat transfer, sea clutter, and surface refl ectance sub-nodels and i ncorporated
these into the IR ship target and scene nodel for the Cruise Mssile (CM EWsinmulation to address the
shortconings of previous IR ship predictive codes.

- (U Inplenented nodifications to the Little Mnopul se Information Signal Processing Element (LM SPE) system
and tested those agai nst surrogate cellular comrunication test sets to develop a system capabl e of
fingerprinting nodern cellular radio comunication systens from airborne platforns.

2. (U FY 1999 PLAN. Wrk continues on shipboard sensor and weapons response involved in operations in littoral regions
Prograns concerning conbat identification, precision strike and i nformati on dom nance will continue. The devel opnent
of micro and unmanned air vehicle designs for small radar cross section platfornms and the | RCM devel opnent and st and-
of f jamm ng work continue to be of inportance.

e (U (%3,902) THREAT WARNI NG - The objective is to develop snall and i nexpensive RF receivers and denodul ati on
techni ques to recogni ze and characterize conpl ex nodern-nodul ati on waveforns and to exploit both active and passive
EQ IR technol ogies to provide early warning of hostile action, either surveillance or attack, to U S mlitary
platforns and to assist in identifying and countering the threat.
- (U) Denobnstrate the ability of the mniaturized SEI systemto performw thin the confines of a platform
such as a small UAV, providing specific target homi ng and discrimnation capabilities for tactical aircraft,
UAVs, and portable systens and making it attractive for application in weapons systems such as HARM
- (U) Design and fully denmonstrate prototype unit which extracts SElI information from nodern tactica
mlitary radars possessing nore stable, near flat, RF sources focusing on the tactical application of SEl to
the conmander in the field, onboard ship, or in the air.
- (U) Develop a counterfire system based on mi crobol oneter canera technol ogy which is carried by the
i ndi vidual infantryman to detect and mark in space the location of small arms fire in real time and at ranges
greater than or equal to the |lethal range of the eneny weapon.
- (U EBvaluate digital signal processing using wavelets, optical processing, and electrical mcro-circuit
realization of the wavelet filter bank, selecting the nost prom sing approach for denobnstrating an inproved
signal processing capability for detecting FMCWsignals with a signal-to-noise ratio of zero decibels to
address the Al EWS program requirenment of detecting and identifying certain FMCWsignals to provide early
war ni ng and cuei ng of ship self-defense weapons systens.

« (U (%10,749) SELF PROTECTION - The objective is to provide a fundamental technol ogy base, from conmponents to
systens, to support the prototype devel opnent of future onboard and of fboard EWsystens, to enhance Naval success in
Littoral Warfare, Strike, Sealift/Protection, Strategic Deterrence, and SEWIntelligence. The entire radar RF
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frequency band fromHF to MWVis covered under this project. It also includes the protection of U S. Naval platforns
agai nst | R EO gui ded weapons by the devel opnent of new IR materials for decoys and new depl oynent concepts and the
devel opnent of technol ogies for |aser based janmers.
- (U) Conduct prelimnary designs of onboard | aser gui ded weapons detection/protection systens and field test
prototype devel opmental systems for the integrated onboard/ of fboard CM solution to | aser-guided threats that
wi |l challenge Navy and Marine surface vessels operating in littoral areas.
- (U) Deternine nost efficient jam codes agai nst steering array sensors and transition sel ected robust
seducti ve waveforns to enhance capability of the Al EWS system agai nst advanced IR gui ded anti-ship threats.
- (U Inprove antenna isolation nbdel to represent antennas nmounted on random access nenory coated curved
surfaces for any decoy platformand finalize isolation inprovenent techni ques and docunent anal ysis methods to
achi eve higher decoy effective radi ated power through inproved antenna isolation
- (U Performfield and at-sea tests of the Small Ship Jamer devel oped for physically small surface patrol
crafts that have no active onboard EA self-protection capability (e.g., the PCG1 and MK V Special Operations
Craft) and are currently involved in fleet littoral warfare operations.

« (U) ($8,050) M SSION SUPPORT - The objective is focused on inproving the ability to assess EW performance rangi ng
fromindividual system platformthrough operations in Joint Mssion and Support Areas such as training and the
research infrastructure. A major goal of this research area is to explore devel opnent of Battle Managenent deci sion
aids which fit within the established Navy command and control system depl oyed throughout the fleet. The focus is
al so on advanced surveillance techni ques and jammi ng and decepti on of command and control systems and data |inks and
t he devel opment of capabilities for strike, surveillance, ECM and ot her mi ssion-support aircraft to inprove
situation awareness, to provide dependabl e conbat 1D and to deternine the intent of enemy forces by passive means
while disrupting their capability to obtain and dissenminate tactical information.

- Demonstrate a partial payload of a Mcro Air Vehicle capable of carrying avionics and a radar janmm ng

payl oad, but |ight enough to be carried by an individual infantryman, for discreet Navy m ssions.

- (U) Develop a visually rich conmand and control sinmnul ator capable of synthesizing realistic operations

found in nodern conmbat m ssions for assessing Naval operational situations, planning future operations, and

eval uating system effectiveness.

- (U Validate the IR ship target and scene nodel for the CM EWsinulation to address the shortcom ngs of

previous IR ship predictive codes.

- (U Plan and conduct tri-service field denonstration of the nodified LM SPE system capabl e of

fingerprinting nodern cellular radio comunication systens from airborne platforns.
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e (U (%$42) Portion of extranmural programreserved for Snmall Business Innovative Research assessnment in accordance
with 15 USC 638.

3. (U FY 2000 PLAN: Wbirk continues on shipboard sensor and weapons response involved in operations in littoral regions
Programs concerning conbat identification, precision strike and information dom nance will continue. The devel opment of
m cro and unmanned air vehicle designs for small radar cross section platforns and the | RCM devel opment and SQJ wor k
continue to be of inportance.

e (U ($5,533) THREAT WARNI NG - The objective is to develop snmall and inexpensive RF receivers and denodul ati on
techni ques to recogni ze and characterize conpl ex nodern-nodul ati on waveforns and to exploit both active and passive
EQ IR technol ogies to provide early warning of hostile action, either surveillance or attack, to U S. mlitary
platforns and to assist in identifying and countering the threat.

Dermonstrate and verify, in an operational test, specific target hom ng and discrimnation capabilities
with the use of extrenely mniature conponents (Anal og-to- Di gital Converter, the pulse processor Application
Specific Integrated Circuit (ASIC) and the Digital Signal Processor) packaged in sizes suitable for tactica
aircraft, UAVs, and portable systens and naking it attractive for application in weapons systens such as HARM

- (U Optimze wavelet filterbank parameters and digital signal processing algorithnms which extract SE
information fromnmodern tactical military radars possessing nore stable, near flat, RF sources focusing on the
tactical application of SEl to the commander in the field, onboard ship, or in the air. Transition to the

Al EW5 program

- (U) Devel op and denonstrate technol ogy building blocks to provide snmall, inexpensive integrated sensors to
allow mcro air vehicles (MAV) to detect and identify RF emitters, |ocate and navigate towards these enitters
and deliver a sensor or counterneasure mcro-payload for battlefield intelligence and situational awareness.

- (U) Denobnstrate an inproved signal processing capability for detecting FMCWsignals with a signal -to-noise
ratio of less than zero decibels to address the Al EW5S program requirement of detecting and identifying certain
signals to provide early warning and cuei ng of ship self-defense weapons systens. Transition to the Al EWS
program

- (U) Conplete design and integration of an ES system capabl e of being depl oyed on presently avail able
renotely piloted vehicles to provide high quality threat information for strategic and tactical surveillance
and reconnai ssance ni ssions.

- (U) Develop and incorporate variable fidelity el ectromagneti c propagation nodels into the simulation
providing a littoral capable force-on-force |evel sinulator which establishes a common operating picture for

t he EW conmmander
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e (U (%10,528) SELF PROTECTION - The objective is to provide a fundamental technol ogy base, from components to
systenms, to support the prototype devel opnent of future onboard and of fboard EWsystens, to enhance Naval success in
Littoral Warfare, Strike, Sealift/Protection, Strategic Deterrence, and SEWIntelligence. The entire radar frequency
band fromHF to MWis covered under this project. It also includes the protection of U S. Naval platforns against
| R EO gui ded weapons by the devel opment of new IR materials for decoys and new depl oynent concepts and the
devel opnent of technol ogies for |aser based janmers.
- (U) Conplete integration and eval uati on of the onboard/of fboard CM sol ution to | aser-guided threats that
will challenge Navy and Marine surface vessels operating in littoral areas.
- (V) Inprove the spectral performance of the IR Special Materials and incorporate with the vehicle autopil ot
and sensor control for the devel opment of a containerized vertically |launched decoy to counter the advanced
I magi ng I nfrared ASCM seekers.
- (U Incorporate a new md-infrared solid state laser into the Miulti-Band Anti-Ship Cruise Mssile Defense
Tactical Electronic Warfare System (MATES) testbed and investigate use of a conpact |R counterneasures system

for small shipboard platforns to provide an integrated multi-function, nulti-band | aser based counterneasures
system for ship defense.

e (U (%8,598) M SSI ON SUPPORT - The objective is focused on inproving the ability to assess EW performance rangi ng
fromindividual system platformthrough operations in Joint Mssion and Support Areas such as training and the
research infrastructure. A nmgjor goal of this research area is to explore devel opnent of Battle Managenent deci sion
aids that fit within the established Navy conmand and control system depl oyed throughout the fleet. The focus is
al so on advanced surveillance techni ques and jamm ng and deception of comand and control systens and data |inks and
t he devel opnent of capabilities for strike, surveillance, ECM and ot her m ssion-support aircraft to inprove
situation awareness, to provide dependabl e conbat ID and to deternine the intent of eneny forces by passive neans
whil e disrupting their capability to obtain and di ssem nate tactical information.
- (U) Develop the final jamm ng payload and integrate it with the final Mcro Air Vehicle design capable of
carrying avionics and a radar jamm ng payl oad, but |ight enough to be carried by an individual infantryman for
di screet Navy m ssions.
- (U) Develop digital signal processing (DSP) hardware and algorithms to integrate with receiver/transmtter
nodel s for devel opment of buil ding bl ock technol ogi es needed for a snall, |ightweight, progranmable Anti-Ship
Mssile (ASM seeker simulator for packaging on a recoverable target drone to performrealistic at-sea threat
engagenent scenari os.
- (U) Based on results of the STARCROSS studi es, develop and test a high speed anal og-to-digital and DSP

i ntercept systemto establish jamm ng requirenments agai nst nobile radi o comruni cati ons systens potentially
enpl oyed by eneny forces.
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- (U) Conduct an overall system|evel design (including Electronic Attack, Information Warfare and Artificial
Intelligence) and nodel a coordi nated Force-on-Force | evel engagenent for deployment of distributed EWassets
that can be used coll aboratively in a synchronized fashion in real tine.

- (U) Devel op prototype set-up and control software nodels and establish parallelization efforts to reduce
per-run execution tine, sinulation setup tinme, and post-run analysis tinme of the CM high-fidelity EW

si mul ati on nodel .

B. (U) PROGRAM CHANGE SUMVARY:

FY 1998 FY 1999 FY 2000
(U) FY 1999 President’s Budget 21,164 23,849 25,460
(V) Appropriated Value 22,849
(U) Adjustments from FY 1999 PRESBUDG -4,182 -1,106 -801
(U) FY 2000 PRESBUDG Submission 16,982 22,743 24,659

(V) Funding: The FY 1998 adjustment reflects a Small Business Innovation Research reduction (-76), and Actual Update
adjustment (-4,106). FY 1999 adjustment reflects a program reduction (Fiscal Constraints) (-1,000), Undistributed
reductions (-106). FY 2000 reflects Program Re-balancing (-1,074), Navy Working Capital Fund adjustments (+480),
Civilian Pay Rates (+149), and Non Pay Inflation (-356).

(U)  Schedule: Not applicable.
(U) Technical: Not applicable.

C. (U) OTHER PROGRAM FUNDING SUMMARY:
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(U) RELATED RDT&E PROGRAMS

This PE adheres to Defense S&T Reliance Agreenents on EWw th oversight and coordi nati on provided by the DDR&E
and is

cccce

associ at e

0602204F
0603270F
0602270A
0603270A
0605604A

This programis

7 ccccecee

0601153N
0602315N
0602234N
0602232N
0602111N
0603270N
0603792N
0604270N

(U SCHEDULE

d with efforts that are being pursued under the following Arny and Air Force PEs:

(Aerospace Avi onics)

(Advanced El ectronic Warfare Technol ogy)
(Electronic Warfare Technol ogy)
(Advanced El ectronic Warfare Technol ogy)
(Survivability and Lethality Analysis)

al so closely associated with the foll owi ng Navy PEs:

(Def ense Research Sciences)

(M ne Counterneasures, Mning and Special Warfare Technol ogy)

(Materials, Electronics and Conputer Technol ogy)

(Communi cati ons, Command and Control, Intelligence, Surveillance & Reconnai ssance (C3l SR
(Air and Surface Launched Weapons Technol ogy)

(Advanced El ectronic Warfare Technol ogy)

(Advanced Technol ogy Transition)

(EW Devel opnent)

PROFI LE: Not applicable.
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(V) COST: (Dol lars in Thousands)

PRQIECT

NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOT,

TI TLE ACTUAL ESTI MATE ESTI MATE  ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PRO

00000 35, 221 45, 496 45, 022 51, 008 52,104 53, 285 54,542 55, 837 CONT. CON
A (V) M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON:  This Navy program el ement (PE) provides technol ogi es for naval

M ne Counterneasures (MCM, U S. Naval sea mines, Naval Special Warfare, and Department of Defense (DOD) Expl osive Ordnance

Di sposal (EQD). It is strongly aligned with the Joint Chiefs of Staff Joint Warfighting Capabilities through the devel opnent
of technologies to achieve mlitary objectives (Power Projection fromthe Sea) with mninmal casualties and coll ateral danage.
The PE supports the Joint Littoral Warfare M ssion Area by focusing on technol ogies that will provide the Naval Force with the
capability to dominate the battl espace, project power fromthe sea, and support forces ashore with particul ar enphasis on
rapid MCM operations. The MCM conponent concentrates on the devel opnent of technol ogies for clandestine mnefield

surveil l ance and reconnai ssance, organic self-protection, organic m nehunting, neutralization/breaching and cl earance; the sea
M ni ng conponent enphasi zes of fensive sea mning capabilities. The Naval Special Warfare and EOD technol ogy conponents
concentrate on the devel opment of technol ogi es for near-shore nine/obstacle detection and cl earance, nobility and
survivability, as well as explosive ordnance di sposal.

(V) Due to the sheer volune of efforts included in this PE, the prograns described in the Acconplishments and Pl ans
sections are representative selections of the work included in this PE.

(V) MCM Technol ogy: Third-world nations have the capability to procure, stockpile and rapidly deploy all types of
naval mines, including new generation mnes having sophisticated perfornance characteristics, throughout the littoral
battlespace. “Desert Storm” demonstrated the U.S. Navy’'s needs to counter the projected third-world mine threat. Advanced
technologies are required to rapidly detect and neutralize all mine types, from deep water to the beach. This task has two
major thrusts: (1) Mine/obstacle detection and (2) mine/obstacle neutralization. The detection thrust includes: remote
sensing techniques to survey threat mining activities and mine/obstacle field locations; advanced acoustic/non-acoustic
sensors and processing technologies for rapid minefield reconnaissance and determination of the location of individual mines
and obstacles. The majority of these sensors and techniques were demonstrated in FY 1997 and FY 1998 as part of the Joint
Countermine Advanced Concepts Technology Demonstration (ACTD). The neutralization thrust includes influence sweeping
technologies for influence minefield clearance, explosive and non-explosive technologies for surf zone (SZ) mine/obstacle
field breaching, and advanced technologies to rapidly neutralize shallow water (SW) sea mines.
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(V) M ne Technol ogy: The requirenents for inproved sea mne technol ogi es has changed due to the reduced threat of the
tradi tional nmodern submarines and surface ships. The elevated threats today are the third-world submarines and surface ships
whi ch nay be encountered in the littoral waters of regional conflicts. Despite the dimnished sophisticated threat, it is
i nperative that the US Navy maintain a broad-based and robust sea nining capability through advanced m ne sensors,
envi ronnental characterization, and systens performance anal ysis technol ogies. Enphasis will be placed on potentially high
payoff advanced sensors for target detection and discrimnation and on | ow cost, w de area sea m ne system concepts, including
positive command/ control mechani sms, wth expanded weapon effectiveness for regional warfare.

Speci al Warfare Technol ogy: Naval Special Warfare (NSW nissions primarily support covert naval operations. The
goal is to develop technology required to increase the conbat range and effectiveness of Special Warfare units. A ngjor
current focus is to devel op technol ogies to enhance the Sea-Air-Land (SEAL) nission of pre-invasion detection for
cl earance/ avoi dance of mnes and obstacles in the very shallow water (VSW and SZ approaches to the anphibi ous | andi ng areas.
| mprovenments to mission support equi pnent are needed to increase the probability of m ssion success, endurance and SEAL
SW nmer survivability.

EOD Technol ogy: Technol ogy devel opment for EOD needs addresses the DOD Joint Service and interagency
responsibilities in EOD, including that required to counter and neutralize Wapons of Miss Destruction (WWD). The
technol ogi es devel oped are required for |ocating, rendering safe and disposing of Unexpl oded Expl osive Ordnance (UXO . These
operations typically occur in deep, poor-visibility water, in areas of high background noise, and in strategic operating areas
contanmi nated by a variety of UXO Advanced technol ogi es are needed for gaining access to areas contam nated by sophisticated
area-deni al sensors and/or booby traps and for contending with WWD. These technol ogi es are expected to transition to the
Joint Service EOD Program the Naval EOD Program or the DOD Techni cal Response G oup

(V) The Navy Sci ence and Technol ogy programincludes projects that focus on or have attributes that enhance the
affordability of warfighting systens.

(V) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because
it investigates technol ogi cal advances with possible applications toward sol ution of specific Naval problens, short of a ngjor
devel opnent effort.

(U PROGRAM ACCOWVPLI SHVENTS AND PLANS:

1. (U FY 1998 ACCOWPLI SHVENTS:

. (U) (%$18,756) M NE/ OBSTACLE DETECTI ON
- (U Acoustic Sensors: Conpleted integration of Toroidal Volune Search Sonar (TVSS) and Synthetic Aperture Sonar
(SAS) acoustic m nehunting sensor nodul es into renote underwater sensor platformfor Joint Counterm ne (JCM
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ACTD denonstration of sea mine detection, classification, and identification. Conducted at-sea testing of TVSS
and SAS integrated sensor nodul es. Denonstrated acoustic sensors during the JCM ACTD as part of

MARCOT98/ Uni fied Spirit (combi ned Canadi an/ NATO exercise). Continued devel opnment of advanced SAS and Side

Looki ng Sonar beanform ng techni ques focusing on phase conpensation for motion and environnental |y i nduced
errors.

(U Electro-Optic Sensors: Conpleted sensor performance prediction nodel for optical mne identification system
that included the spectral characteristics of mne-like targets. Conpleted integration of Laser Line Scan m ne
identification sensor into Renote underwater platformfor denobnstration during the Joint Counterm ne ACTD.
Successful ly depl oyed |l aser |ine scan and synthetic aperture sonar sensors during Swi ssAir crash site

i nvestigation, providing identification of sonar contacts of interest. Conti nued devel oprment of fl uorescence
imaging for mne identification focusing on the characterization of target/background spectral content.

(U) Electro-Mgnetic Sensors: Conpleted devel opnment of thin film single channel Low Tenperature Critical (Tc)
superconducti ng gradi oneter test article. Conpleted investigation of notion-induced noise and radi o frequency
imunity. Continued to develop thin film Hi gh Tc superconducting gradi oneter fabrication technology to a | evel
of maturity conparable to the thin film Low Tc counterpart.

(U Image Processing and O assification Al gorithnms: Developed inproved nulti-sensor data fusion and conpression
techniques to provide real-tine processing and data transmnission fromthe renote underwater sensor platformto
the “mother ship” for information assimilation and display. Completed integration of real-time processing

algorithms on embedded processor and demonstrated as part of the JCM ACTD, real-time mine detection
classification , and identification.

($6,180) MINE/OBSTACLE NEUTRALIZATION:

(U) SW Mine Neutralization: Transitioned anti-mine projectile for the Rapid Airborne Mine Clearance System
concept to an Advanced Technology Transition Project (PE 0603792N).

(U) SZ Mine Neutralization: Established through precise tests and measurements the importance of relative flow
between sand and mine-like targets on shock transmission and mine kill predictions in the SZ environment.
Continued expanding database of mine neutralization criteria (pressure, impulse, energy) for threat mines
through testing and analysis.

(V) Obstacle Breaching: Developed an analytical model from parametric studies with the finite concrete model
which will allow tradeoffs of warhead size, shape, and standoff required to defeat various target shapes and

configurations. Improved obstacle clearance models by incorporating results of simultaneous and sequential

detonation testing. Initiated development of technologies required for precise standoff bomb delivery for mine
and obstacle clearance.

($2,860) SEA MINING:
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- (U Intelligent Mne Network: Devel oped Distributed Autononous Depl oyed System (DADS) nobile shallow water mne
( DADS- weapon) concept. Devel op covert depl oynent concept based upon Submari ne Launched Mobile M ne. Devel oped
concepts for “restart” of deployed mobile mine for target attack, communications with DADS during target attack
mode, and terminal guidance.

- (U) Sea Mine Sensors: Initiated development of guidance sensors and signal processing for DADS mobile shallow
water mines.

- (U) Minefield Command and Control: Initiated development of concept for command and control of DADS weapons.

Conducted assessment of minefield command and control incorporating prior year developments of Indication Friend
or Foe and Remote Control into DADS. Initiated development of concept for intra-field guidance of DADS weapon
after launch using node and weapon sensors.

. (U) ($7,425) SPECIAL WARFARE/Explosive Ordnance Disposal (EOD):

- (U) Mission Mobility Technology: Completed development of components of low signature diver propulsion system;
integrated, tested and evaluated prototype. Transitioned technology for incorporating micro Phase Change
Materials into dive suits for passive, thermal protection. Developed NSW life support equipment technologies.
Options for life support equipment technologies include passive in-water chemical detectors, advanced Carbon
Dioxide scrubbing technology, diver internal monitoring/biofeedback, field oxygen supply technologies.

- (V) Mission Support Technology: Fabricated, evaluated and demonstrated prototype of passive multispectral
optical parametric amplification laser imager. Conducted field tests of sensors for use in a diver-portable
multi-sensor buried minehunter; developed algorithms to process and display signals. Transitioned clandestine
ultra-short range gate laser technology for underwater obstacle localization/identification.

- (V) Clearance of UXO: Demonstrated a capability to determine the status of electronic safe and armed fuses from
a standoff distance due to unintentional or stimulated emissions from the firing train components. Demonstrated
a small, autonomous, untethered underwater vehicle controls and sensors for identification of naval threats
hosted on a composite vehicle built by Lockheed-Martin under Independent Research & Development funding.

2. (U) FY 1999 PLAN:

« (U) ($21,486) MINE/OBSTACLE DETECTION:

- (V) Acoustic Sensors: Complete analysis of performance and effectiveness of TVSS and SAS, demonstrated during
JCM ACTD, for detection and classification of sea mines. Initiate development of broadband sonar transmitter
for SAS application to enhance detection/classification probabilities, area search rate, and environmental
adaptability.

- (V) Electro-Optic Sensors: Initiate development of scene classification algorithms based on target optical
properties. Begin feasibility studies to define the characteristics of an advanced electro-optic identification
sensor that measures the spectral properties of mine-like objects and the surrounding scene.
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(U) El ectro-Mgnetic Sensors: Conplete developnent of thin film H gh Tc superconducting gradioneter for field
denonstration to investigate notion induced noi se characteristics.
(U Image Processing and Cl assification Algorithnms: Assess effectiveness of multi-sensor data fusion techniques

denonstrated during JCM ACTD and initiate devel opnent of inprovenents indicated by the assessnent. Initiate
devel opnent of broadband acoustic signal processing algorithns and techni ques for SAS application to provide
i ncreased coverage rate, increased target image resolution, and extended sonar range. Initiate environnentally

adaptive processing techniques to maintain high detection/classification probabilities under varying and adverse
envi ronnent al condi tions.

($7,548) M NE/ OBSTACLE NEUTRALI ZATI ON:

(U SWMne Neutralization: Initiate effort to develop technology to sweep pressure influence nmines by focusing
on the characterization of pressure signatures of surface ships in ocean swell.

(U SZ Mne Neutralization: Expand mine vulnerability data base to include neutralization criteria for recently
devel oped threat mnes with potential for use in the SZ and beach environnents. Investigate innovative concepts
for energetic neutralization of SZ m nes.

(U) Obstacle Breaching: Determine effects of directed energy warheads agai nst |ight/ medi um obstacles in water
and air. Investigate innovative concepts for clearance or burial of SZ obstacles.

(%$2,975) SEA M NI NG

(U Intelligent Mne Network: Devel op hardware/software to denonstrate feasibility of DADS-weapon concept.

(U Sea M ne Sensors: Test guidance sensors and signal processing for DADS-weapon in the |aboratory.

(U Mnefield Command and Control: Test concept for conmmand and control of DADS weapon through simul ation.

(U SWBottom M nes: Assess application of sensors and command and control concepts developed in prior years to
SW bot t om ni nes.

(%12, 854) SPECI AL WARFARE/ EQD:

(U Mssion Mbility Technology: Transition |ow signature diver propul sion technol ogy. Devel op NSWsignature
reducti on technol ogi es. Continue devel opment of NSWIife support equi pnent technol ogies.

(U M ssion Support Technology: Integrate sensors into a diver-portable nulti-sensor buried nminehunter

prot ot ype and eval uat e/ denonstrate under realistic field conditions. Transition nultispectral optical
paranetric anplification |aser inmaging technology. Develop advanced portable real-tine

intelligencel/ sensor/ marker technologies. Options for intelligence/sensor technol ogy devel opnents include
passive nmillimeter wave sensor, infrared polarinetry, sonar classification using echo back scatter, sensor

fusi on/ processi ng, etc.

(U dearance of UXO Investigate the use of broad band transm ssions to jamor neutralize the electronic
conponents of electronic safe and arned fuses. Expand the inverse scattering sensing capability of tine domain
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el ectro-magnetic induction sensors to allow identification of individual buried UXO Denonstrate a 10, 000
el ement acoustic array that provides a 1 centinmeter resolution image of an underwater target at 20 franes per
second.
- (U Response to WWD incidents: Performtesting of a catalyst/sensor array technique for the detection and
| ocalization of a WWD in a marine environnent.
- (U Extending the Littoral Battl espace (ELB)
Initiate devel opnent of nodeling and simulation of ELB conponent technol ogies. Devel op ELB Measures of
Ef f ecti veness and Measures of Performance supporting military utility assessnent. Conduct and assess integrated
feasibility denonstrations.

e (U) (%$633) Portion of extranural programreserved for Snmall Business |Innovati on Research assessnment in accordance
with 15 USC 638.

3. (U FY 2000 PLAN

(LD (%21, 107) M NE/ OBSTACLE DETECTI ON:
(U) Acoustic Sensors: Conplete devel opnent of broadband sonar projector for synthetic aperture sonar to enhance
detection/classification probabilities, area search rate and environnental adaptability. |Integrate broadband
source on existing SAS testbed for field testing. Begin field test of broadband synthetic aperature technol ogy.
Begi n devel opnent of small acoustic sensors for integration on small autononous vehicl es.

- (U) Electro-optic Sensors: Continue devel opnent of scene classification algorithns based on target optica
properties. Conplete feasibility studies defining characteristics of advanced, multi-spectral nine
identification sensor. |Initiate devel opnent of advanced el ectro-optic nmine identification sensor

- (U Electro-magnetic Sensors: Initiate field testing of thin film high tenperature superconducting gradi oneter
focusing on notion induced noi se characterization

- (U Image Processing, Cassification Al gorithnms, and Data Fusion: Continue devel opnent of broad band processing
techni ques/ al gorithm devel opment efforts. Continue devel opnment of environnentally adaptive processing
techni ques to extend detection/classification range of existing and energi ng sensor systens. Initiate data
fusion effort focusing on fusion of multi-platform nulti-sensor data (with initial enphasis on fusion of in-
service and devel opnental organi c sensors).

(V) ($7 650) M NE/ OBSTACLE NEUTRALI ZATI ON:
(U SZ Mne Neutralization: Continue devel opment and eval uati on of HELP (H gh Energy Low Pressure) explosive

technol ogy to pronmote pressure-inpulse characteristics of explosives for nore efficient coupling into tilt-rod
mnes. Transition conpleted nine kill criteria for new threat mnes to PM5-407 in support of Distributed
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Expl osi ve Technol ogy/ Shal | ow Wat er Breachi ng (DET/ SABRE) prograns. |nitiate nondeterm nistic nodeling of mne
vul nerability. Initial efforts will be devel opment of a nondeterninistic nodel for a single mne.

- (U) Obstacle Breaching: Initiate devel opnent of |inear shaped charge array anti-obstacle technol ogy for
breachi ng of obstacles on the beach and in the surf. Continue devel opnment and eval uation of small unmanned
bottomrobotic platforns to provide reconnai ssance and targeting data for mne and obstacl e cl earance systens.
Conti nue devel opi ng data base for danage characteristics of obstacles on land and in the water when subjected to
si mul t aneous and sequenced nultiple bonb detonations.

(U ($3,000) SEA M N NG
- (U Intelligent Mne Network: Conplete devel opment of hardware/software to denonstrate feasibility of DADS-
weapon concept. Begin denonstration of mne network concept.
- (U Sea Mne Sensors: Initiate field tests of guidance sensors and signal processing for DADS-weapon.
- (U Mnefield Cormand and Control: Initiate devel opnent of command and control hardware/software for
feasibility denonstration of mnefield command and control.

(V) ($13 265) SPECI AL WARFARE/ EOD
(U Mssion Mbility: Continue devel opnent of |ife-support equipnent technologies. Mjor focus will be thernal
protection for extremties. Initiate effort to increase Stirling engine performance from 500 to 2000 watts.
I nvestigate materials and nethodol ogi es to enabl e non-magnetic val ve and actuator systens on NSWdi ver
propul sion vehicle systens.

- (U Mssion Support: Continue devel opnent of unmanned underwater vehicle (UUV) technol ogies to support VSW
reconnai ssance mssions. |Initiate devel opnent of broadband sonar technol ogy for diver and UUV depl oyment.
Initiate devel opnent of scannerless range i nagi ng systemfor underwater applications. Continue devel opnent of
under wat er adhesive technologies. Initiate devel opment of deployable virtual environnment based training aid and
tactical decision aid for NSWni ssions.

- (U dearance of UXO Initiate underwater vehicle coordination task to provide enabling technol ogies for
het er ogeneous systens of snmall UUVs to provide detection, classification, and identification of underwater
expl osive ordnance. Initiate devel opment of robotic actuators and mani pul ators based on artificial muscle
materials. Investigate and inplenent neural techniques for visual image processing and object recognition.

- (U Response to WWMD Incidents: Evaluate concepts for detecting radiation interaction with water as a means
of detecting the prinmary source of radiation.

- (U ELB:
- Conduct and assess integrated feasibility denonstrati ons of ELB technol ogi es. Devel op enhancenents to
battl espace network to enable real-tinme, seam ess sensor to shooter functions. Initiate devel opnent of

technol ogi es to support near real-tinme operations/intelligence integration.
B. (U) PROGRAM CHANGE SUMVARY:
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FY 1998 FY 1999 FY 2000
(U) FY 1999 President’s Budget: 41,451 45,928 45,264
(U) Appropriated Value: 45,928
(U) Adjustments from FY 1999 PRESBUDG: -6230 - 432 - 242
(U) FY 2000 President's Submission: 35,221 45,496 45,022

(U) CHANGE SUMMARY EXPLANATION:

(U) Funding: The FY 1998 reduction consists of Small Business Innovation Research (-1,415), and Actual Execution
Update(-4,815). The FY 1999 reduction consists of Revised Economic Assumptions (-106), Civilian Personnel
Underexecution (-51), Contract Advisory and Assistance (-221),and FFRDC Distribution (-54). The FY 2000 reflects
NWCF Adjustment of (+265), CIVPERS (+144) and Non Pay Inflation (-651).

(U) Schedule: Not applicable.

(U) Technical: Not Applicable.

C. (U) OTHER PROGRAM FUNDING SUMMARY: Not applicable.

(U) RELATED RDT&E:
(U) This program has strong ties to the PE’s listed below:
(U) PE 0601153N (Defense Research Sciences)
(U) PE 0602131M (Marine Corps Landing Force Technology)
(U) PE 0602233N (Human Systems Technology)
(U) PE 0602314N (Undersea Warfare Surveillance Technology)
(U) PE 0602435N (Oceanographic and Atmospheric Technology)
(U) PE 0602633N (Undersea Warfare Weapons Technology)
(U) PE 0603502N (Undersea Warfare and MCM Development)
(U) PE 0603555N (Sea Control and Littoral Warfare Technology Demonstration)
(U) PE 0603654N (Joint Service EOD Development)
(U) PE 0603782N (Mine and Expeditionary Warfare Advanced Technology)
(V) PE 0604654N (Joint Service EOD Development)
(U) PE 1160401BB (Special Operation Technology Development)
(U) PE 1160402BB (Special Operation Advanced Technology Development)
(U) This program adheres to Tri-Service Reliance Agreements on EOD with coordination provided by the Joint Directors of
Laboratories.

R-1 Line Item 13

UNCLASSIFIED

Budget Item Justification
(Exhibit R-2, page 8 of 9)



UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET
BUDGET ACTIVITY: 2

PROGRAM ELEMENT: 0602315N
PROGRAM ELEMENT TI TLE: M ne Count er neasur es,

DATE: February 1999

M ning and Special Warfare Technol ogy
(U SCHEDULE PROCFI LE:

Not appl i cabl e.
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(U COSsT (Dollars in thousands)

PRQJECT
NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TI TLE ACTUAL ESTI MVATE  ESTI MATE  ESTI MATE ESTI MATE ESTI MATE  ESTI MATE ESTI MVATE COVPLETE PROGRAM

N A Cceanogr aphi ¢ and At nospheric Technol ogy
74,767 68, 726 60, 334 62,084 63, 046 64, 313 65, 624 66, 989 CONT. CONT.

A, (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: Thi s Program El enent (PE) provides the fundanmental programmatic

i nstrument by which basic research on the natural environnent is transforned into technol ogy devel opnents that provide new or
enhanced warfare capabilities. This PE also provides technol ogies that formthe natural-environment technical base on which
all systens devel opment and advanced technol ogy depend. This PE contains the National Oceanographic Partnership Program
(Title I'l, subtitle E, of Public Law 104-201) enacted into |law for FY 1997.

(U Due to the sheer volunme of efforts included in this PE, the prograns described in the Acconplishments and Pl ans
sections are representative selections of the work included in this PE.

(U This PE provides for ocean and at nospheric technol ogy devel opnents that contribute to nmeeting top joint warfare
capabilities established by the Joint Chiefs of Staff. Major efforts of this PE are devoted to (1) gaining real-tine
knowledge of the battlefield’s natural environment, (2) determining the natural-environment needs of regional warfare, (3)
providing the on-scene commander the capability to exploit the environment to tactical advantage, and (4) developing
atmospheric research related to detection of sea-skimming missiles and strike warfare.

(U) This PE provides natural-environment applied research for all fleet operations and for current or emerging systems.
This PE supports virtually all the Joint Mission Areas/Support Areas with primary emphasis on Joint Littoral Warfare and
Joint Strike Warfare. Specifically:

(U) Joint Littoral Warfare efforts address issues in undersea, surface, and air battlespace. Programs include ocean and
atmospheric prediction for real-time description of the operational environment, shallow water (SW) acoustics and multiple-
influence sensors for undersea surveillance and weapon systems, and influences of the natural environment on mine
countermeasure (MCM) systems.

(U) Joint Strike Warfare efforts address issues in air battlespace dominance. Programs include influences of the
natural environment on electromagnetic (EM)/electro-optic (EO) systems used in the targeting and detection of missile weapon
systems as well as improvements in tactical information management about the natural environment.
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(U These efforts support the Joint Warfare Strategy "Forward...Fromthe Sea." This programfully supports the Director
of Defense Research and Engineering’s Science and Technology Strategy and is coordinated with other DoD Components through
the Defense Science and Technology Reliance process. Work in this PE is related to and fully coordinated with efforts in
accordance with the ongoing Reliance joint planning process. There is close coordination with the US Air Force and US Army
under the Reliance program in the Battlespace Environment categories of Lower Atmosphere, Ocean Environments, Space & Upper
Atmosphere, and TerrestrialEnvironments.

(U) The Navy program includes projects that focus on, or have attributes that enhance, the affordability of warfighting
systems.

(U) JUSTIFICATION FOR BUDGET ACTIVITY: This program is budgeted within the APPLIED RESEARCH Budget Activity because it
investigates technological advances with possible applications toward solution of specific Naval problems, short of a major
development effort.

(U) PROGRAM ACCOMPLISHMENTS AND PLANS:
1. (U) FY 1998 ACCOMPLISHMENTS:

* (V) ($10,857) ENVIRONMENTAL ISSUES IN UNDERSEA SURVEILLANCE AND WEAPONS (INCLUDES CONGRESSIONAL EARMARK $1,941 -
ARCTIC OCEAN CLIMATE OBSERVATIONS):

- (U) Continued to advance the capabilities of active acoustic techniques for undersea surveillance in
shallow water regions through developments in clutter characterization and control as well as in
performance characterization and modeling.

- (U) Conducted test of influence of internal waves in shallow water on tactical frequency acoustic
propagation, surface duct leakage, and vertical/horizontal coherence in shallow water.

- (U) Developed techniques for acoustic/nonacoustic fusion performance prediction for nonstationary noise
fields in shallow water as a means of improving undersea surveillance detection capabilities.

- (U) Extended full-spectrum noise models to high frequencies (>15 kHz) and assessed impact of full-spectrum
noise on the performance of existing broadband detection/classification algorithms using both measured and
modeled noise clutter statistics; developed new algorithms that exploit the full-spectrum noise
characteristics to reduce the false-alarm/classification-error probabilities.

- (V) Initiated the development and demonstration of natural-environment enhanced, volumetric, acoustic
surveillance arrays for locating and tracking quiet threats in shallow water environments.

- (V) Initiated the development of geo-acoustical inversion algorithms to improve the performance of natural-
environment enhanced signal processing algorithms for undersea surveillance.
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- (V) Participated in international programto conduct high-frequency acoustic neasurenents in shall ow water
off Australia; the aimwas to characterize effects of the natural environnment on detection, classification
and | ocalization of small, quiet submarines.

- (V) Participated with PE 0603792N i n devel opment of underwater acoustic comunications to establish
communi cati ons capability between subrarine/submari ne and other platforns.

- (U Continued the Arctic Ccean Climte Qbservations programained at utilizing underwater acoustics to
determine and monitor ocean “climate” in a large ocean basis.

* (U) ($32,948) NATURAL-ENVIRONMENT INFLUENCES ON MINECOUNTERMEASURE SYSTEMS, INCLUDING LITTORAL
OCEANOGRAPHY(INCLUDES CONGRESSIONAL PLUS-UP $9,703 - AUTONOMOUS UNDERWATER VEHICLE AND SONAR DEVELOPMENT, PLUS-UP
$2,660 — NAVAL SURFACE WEAPONS CENTERS (NSWC) SOUTH FLORIDA TEST FACILITY):

- (U) Continued development of autonomous ocean vehicle technology (and related natural-environment sensor
technology) with selective field work aimed at demonstrating level of capability achieved.

- (U) Developed the utility of the NSWC Test Facility in conjunction with allied universities and government
agencies to provide for monitoring and measurement of the ocean environment that will contribute to marine
vehicle research, especially in the context of mine countermeasures.

- (U) Based on the lateral variability observed in acoustic bottom-related properties from the seaside Panama
City site, designed and conducted a second towed body experiment at a second site to test hypotheses
developed by the initial data set and the semi-empirical formulations.

- (U) Using satellite-based data developed performance estimates of optical MCM systems in a foreign coastal
area. Validated these using in-site measurements.

- (V) Initiated work on algorithms for hyperspectral remote sensing data by which detailed resolution can be
achieved of littoral ocean characteristics important for naval warfare; this work, in collaboration with
developments in PE 0602232N and PE 0603794N, supports the Naval Earth Map Observer (NEMO) satellite planned
for launch in FY 00 with products aimed for the Warfighter Support Center at Naval Oceanographic Office
(NAVOCEANO) and the Marine Corps Intelligence Agency.

- (U) Conducted field experiment to test data extraction algorithms (bathymetry, sediment type, bottom
backscatter, sound velocity and volume reverberation) from mine-hunting sonars.

- (V) Continued development of techniques for fusing multiple data types to achieve gains in MCM.

- (U) Tested performance of the toroidal volume sonar system (TVSS) and the side-looking sonar (SLS) using
real time natural-environment data for performance prediction.

- (U) Began task of describing distribution as well as bulk percent gas in marine sediments for shock wave
method of neutralizing mines.

- (U) Completed micro-scale modeling of fluid-gas flow in marine sediments in support of improved shock wave

models.

(V) Initiated tests of predictive quality of geoacoustic database algorithms for “type” geologic regions.
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- (U) Devel oped a predictive nodel of mne mgration/burial within the surf zone based upon the previous
year’s field study. Initiation of a study of morphological stability assessing the stationarity of sandbar
structures; this work will facilitate prediction of the probability of burial for large (stationary) anti-
landing mines in 3-6 feet of water. Additionally, this work is useful for the assessment of the
meaningfulness of previously obtained bathymetry, based on the predicted stationarity of the sandbar.

- (U) Continued assessments of techniques for optical characterization of natural environments to serve MCM,
especially in terms of the variety of natural environments.

- (V) Analyzed data and reported results of FY 97 experiment on shallow water, high-frequency acoustics
bubble effects, especially as they impact MCM systems.

- (V) Applied interim bubble/acoustics models to FY 97 shallow water data and helped define a FY 99
experiment.

- (V) Incorporated spatial/temporal coherence results from the Mediterranean site into the Synthetic Aperture
Sonar (SAS) performance prediction model and made predictions/hypotheses for an additional very-shallow
water site; conducted a major acoustic clutter experiment in a high-clutter environment.

(V) Developed composite mission/tactics analysis model which uses physics-based predictions with realistic
descriptions of the natural environment.

- (U) Made investment strategy suggestions relating to accuracies and space/time resolutions required for
ocean descriptions based on known Korean and Persian Gulf natural environments.

(V) Developed fully-coupled nonlinear wave/tide model with data assimilation and incorporated into system
performance models.

e (U) ($10,259) OCEAN AND ATMOSPHERIC PREDICTION:

- (U) Adapted the recent, conservative form of semi-Lagrangian schemes to an ocean model.

- (U) Tested ocean models incorporating new advection schemes with coastal ocean data and with deep water
data, the aim being to achieve greater capabilities and improved performance of Navy numerical ocean
models.

(V) Delivered a fourth-order advective sigma-coordinate model.

- (U) Delivered a fourth-order advective layer model with topography.

- (U) Advanced shipboard ocean forecast capability through inclusion of relocatable ocean circulation
component and nesting with shore-based boundary conditions, transitioned to 6.4.

- (U) Completed Sea of Japan/Yellow Sea SW Assimilation/Forecast System (SWAFS) development. Began
combination of Sea of Japan/Yellow Sea/South China Sea (Asian Seas) SWAFS development as a contribution to
oceanography of Navy-priority coastal seas.

- (U) Conducted critical evaluation of new predictive schemes with the aim of determining their effectiveness
against current schemes.
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(U Explored the ability of the SPY-1 operational tactical radar to detect clear air turbulent features in
the mari ne at mosphere using advanced processing techni ques for coded waveforns with at-sea denonstration of
SPY-1 tactical radar capability.

(U Transitioned a variational assimilation capability for incorporating satellite radi ance observations
directly into the operational atnospheric prediction system

(U) Denopnstrated and transitioned a shipboard tactical scale atnospheric prediction capability,

i ncorporating | ocal observations and interfaces to tactical decision aids.

(U ($4,069) ATMOSPHERI C | NFLUENCES ON EM EO SYSTEMS (I NCLUDES CONGRESSI ONAL PLUS-UP $728 - PM 10):

(U Based on EO Propagation through the Atnosphere and Coastal Environment data, devel oped a coastal

aerosol nodel for use in EO propagation effects assessnent, including near ocean surface effects which are
critical in defense agai nst sea-skimer m ssiles.

(U) Devel oped i nproved periscope detection assessnent capability with an EM propagati on nodel incorporating
an i nmproved surface clutter nodel.

(U Continued PM 10 eval uation of particulate matter in southern California with consideration extended to
particles of less than 2.5 mcrons dianeter (the so-called PM 2.5 content).

(U) (%$16,634) NATI ONAL OCEANOGRAPHI C PARTNERSHI P PROGRAM ( NOPP) (| NCLUDES CONGRESSI ONAL PLUS- UP $11, 644):
- (U) Continued efforts in “virtual” ocean data and remote sensing centers/facilities to capitalize on

existing centers by developing broad community access/exchange of Navy, National Oceanic and Atmospheric
Administration (NOAA), and other data bases together with data display and assimilation techniques.

(U) Continued efforts aimed at a National Littoral “Laboratory” with the long-term aim of “portable”
coastal ocean/atmosphere forecasting capabilities.

(U) Used Broad Agency Announcement to solicit proposals that develop and/or demonstrate Coastal and Open
Ocean Observational Technigues for continuous, high-resolution measurements of ocean processes; major
themes of emphasis were: Observational Systems; Sensors and Sensing; and Modeling/Data Assimilation.

(V) Initiated partnership efforts to develop and exploit Regional Scale Coastal and Open Prediction Systems
that integrate existing military and civil observing and prediction systems including networked sensing
systems, and capitalize on existing and planned satellite open ocean and coastal remote sensing systems;
the goal was to develop cutting edge 4-D nowcast and forecast systems for the open and coastal ocean to
address civil and military requirements.

(U) Continued partnership efforts in oceanography to optimize resources, intellectual talent, and
facilities in ocean sciences and education focusing upon ocean observing technologies.

(U) FY 1999 PLAN:
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e (U (%10,621) NATURAL- ENVI RONMENT | SSUES | N UNDERSEA SURVEI LLANCE AND WEAPONS

- (U) Denobnstrate techniques for adapting to the natural environnent for in-site, near-real-time
reverberation assessnent and clutter control, optinizing sonar operation in conplex, shallow water natura
environnents so as to further advance active techniques for detection of the quiet submarine threat.

- (U Analyze FY 98 test data to address potential exploitation of internal waves in shall ow water under
surface-duct conditions for md-water surveillance by hull-nounted sonar

- (U) Develop predictive capability for optinmm placenent and fusi on of acoustic/nonacoustic sensors in
strongly range-dependent natural environnments such as straits and gul fs.

- (U) Conplete validation of high frequency underwater acoustic noi se nodel s and conduct experinmenta
eval uations of the false-alarm classification-error performance of newy devel oped noi se exploitation
al gorithns.

- (U Denonstrate performance inprovenents of natural -environment enhanced signal processing algorithns using
geo-acoustical inversion techniques.

- (U Performdetail ed anal yses of high-frequency acoustic data obtained in several shallow water |ocal es
with the purpose of creating a unified basis for undersea weapon perfornmance prediction in shallow water

- (U Continue participation with PE 0603792N i n devel opnent of underwater acoustic comunications to
est abl i sh conmuni cations capability between submarine/ subnmari ne and other platforns.

e (U (9$31,595) NATURAL- ENVI RONMENT | NFLUENCES ON MCM SYSTEMS, | NCLUDI NG LI TTORAL OCEANOGRAPHY (| NCLUDES
CONGRESSIONAL PLUS-UP $10,000 - AUTONOMOUS UNDERWATER VEHICLE AND SENSOR DEVELOPMENT; PLUS-UP $2000 — NAVAL
SURFACE WEAPONS CENTER (NSWC) SOUTH FLORIDA TEST FACILITY):

- (V) Continue development of autonomous ocean vehicle technology (and related natural-environment sensor
technology) with selective field work aimed at demonstrating increasing levels of capability in this
technology area which offers great promise for virtually all naval missions in the littoral zone.
- (U) Continue development of the NSWC Test Facility in conjunction with allied universities and government
agencies to provide for monitoring and measurement of the ocean environment to contribute to marine vehicle
research, especially in the context of mine countermeasures.
- (V) Continue efforts in hyperspectral remote sensing technology to build a capability for detailed
resolution of littoral ocean characteristics; this work, in collaboration with developments in PE 0602232N
and PE 0603794N, supports the Naval Earth Map Observer (NEMO) satellite planned for launch in FY 00 with
products aimed for the Warfighter Support Center at NAVOCEANO and the Marine Corps Intelligence Agency.
- (V) Provide an initial spatial variability model (low-grazing angle bottom reverberation backscattering,
bottom penetration/sediment scattering) and data bases to NSWC, Coastal Systems Station (NSWC-CSS) for MCM
system development.
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- (U) Process Sea-View ng-Wde-Fiel d-of-View Sensor data and other satellite data in near real tinme using new
algorithnms to extract coastal optical absorption and scattering. Uilize these new algorithms to create a
regional data base for forward strategic area.

- (U Initiate efforts on ocean col or algorithnms and ocean process nodels to devel op the capability for
inferring aspects of ocean vertical structure fromrenotely-sensed ocean color, especially in the littoral
ocean where this technology will inpact use of optical devices in MCMand aid in the resolution of conplex
ocean processes that affect other warfare m ssions.

- (U Transition algorithns for extracting real-tine seafloor data from TVSS and SLS sonars to NSWC- CSS.

- (U) Conduct final test for algorithns for extracting real-time sound speed and surface reverberation data
from TVSS sonar.

- (U) Test data fusion algorithms.

- (U Initiate devel opment of algorithnms to extract real-time data on the natural environnment in denied
areas using SAS and Laser Line Scanner System (LLS).

- (U Integrate mcro-scale nodeling of fluid/gas flow into data base predictive nodel incorporating
oceanographi c forcing functions.

- (U Initiate effort to extend geoacoustic data base algorithns to geotechnical data base al gorithns.

- (U Conduct a field study of mne nigration and burial behavior in | ow energy/ muddy beach natural
envi ronnent s.

- (U Evaluate the Predictive Visibility Mddel in terns of performance in various natural environnments and
deternmine the feasibility of inprovenents to the nodel to provide the natural -environment basis for optical
MCM syst ens.

- (U Conduct final and conprehensive experinment on influence of bubbles in shallow water on sonar
performance, especially in terms of MCM systens.

- (U) Begin applying and validating final nodels of bubble distributions and hi gh-frequency acoustic
propagation in a shall ow water bubbly medi um

- (U Plan and conduct a full-band spatial/tenporal coherence nmeasurenent in a very-shallow water site and
utilize these data to test predictions/hypotheses regardi ng the oceanographic factors which affect the
phase stability of the waterborne paths involved in real aperture and SAS systens for MCM anal yze data
fromthe high-clutter natural environment to provide an upper bound for the statistical characterization of
bottomclutter which will be utilized in the clutter nodel.

- (VU Biosensor technology for MCMwi Il be devel oped, especially in terns of a bioluninescence sensor for the
Navy Special Warfare forces to provide vulnerability assessment to detection through “bioluminescence
trails.”

«  (U) ($11,176) OCEAN AND ATMOSPHERIC PREDICTION:
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e

lifornia Current region.
I

Continue testing other high-order advection schenmes. Conpare with ol der schemes and test in the

- (U Investigate the effect of higher-order schenmes on passive tracer dispersion.

- (U Deliver Very H gh Resolution (VHR) Coastal Mddel with inproved advection.

- (U) Deliver dobal Layered Mbdel with inproved advecti on and subduction/ventilation capability.

- (U Initiate eddy-resolving gl obal ocean nodel devel opnent including data assimnlation.

- (U) Develop and transition to 6.4 a shipboard tactical ocean nowcast/forecast nodel that allows for VHR (to
100 m).

- (U Transition Asian Seas SWAFS including data assinmlation to 6.4. Develop relocatable baroclinic tide
nodel .

&

(

ef fecti ve nodel s.

- (U) Denobnstrate the over-water clear-air weather detection capability of the operational
coastal test site.

Continue efforts in critical evaluation of new predictive schemes as a means of achi eving nore

system SPY-1 at a

- (U Transition a nested air-sea coupled prediction systemfor operational inplenmentation incorporating

coupl ed data assim | ation.

- (U) Develop a conplete nonhydrostatic tactical scale prediction systemfor shipboard use in forecasting

weather effects for operational planning and “what-if” scenario rehearsal, incorporating the targeting of
relocatable weather observation capabilities.

* (V) ($4,607) ATMOSPHERIC INFLUENCES ON EM/EO SYSTEMS (INCLUDES CONGRESSIONAL PLUS-UP $500 — PM-10):

- (V) Interface the coastal aerosol model with the EO Tactical Decision Aid and with the coastal aerosol data
assimilation system to provide a more complete basis for EO systems, especially those used in detection of
sea-skimmer missiles.

- (V) Transition improved EM propagation effects decision aids incorporating terrain, surface clutter,
airborne platforms, etc, thus expanding the capability to assess effects of the natural environment on
radar systems.

- (V) Transition to Naval Sea Systems Command and Space and Naval Warfare Systems Command a small Global
Positioning System (GPS)-receiver based system for measuring atmospheric refractivity structure.

- (V) Continue efforts in characterizing PM-10 in the atmosphere of southern California, especially as it
relates to operations and testing at naval bases in the area.

* (V) ($10,000) NOPP:
- (V) Use a Broad Agency Announcement to solicit new ideas and efforts in Data Assimilation and Modeling as
well as in Ocean Observation Capabilities: in Data Assimilation and Modeling, recent workshops indicated the
need for a new structural paradigm under which a community-wide effort would build a linked system of
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resources and col |l aborations | eading to new scientific insight and sysnthesis of new results with broad
utility for the ocean community; in Ocean Observation the focus is on establishing the the nmeans for
continuous, high resolution of oceanic processes.
- (U) Continue evolution of efforts in “virtual” ocean data and remote sensing centers/facilities to
capitalize on existing centers by developing broad community access/exchange of Navy, NOAA, and other data
bases together with data display and assimilation techniques.
- (V) Continue evolution of efforts aimed at a National Littoral “Laboratory” with the long-term aim of
“portable” coastal ocean/atmosphere forecasting capabilities.
- (U) Continue partnership efforts in oceanography to optimize resources, intellectual talent, and facilities
in ocean sciences focused upon ocean observing technologies.
- (U) Continue with selected aspects of efforts that develop and/or demonstrate Coastal and Open Ocean
Observational Techniques; Observational Systems; Sensors and Sensing; and Modeling/Data Assimilation.
(V) Utilize Secretary of the Navy/Chief of Naval Operations (SECNAV/CNQO) Oceanographic Research chairs to
further promote the collaboration of distinguished university scientists with Navy/Marine Corps activities;
a primary aim is to achieve a synthesis of results and understanding in key oceanographic areas important
to Navy/Marine Corps operations.

.« (U)($727) SBIR

- (U) Portion of extramural program reserved for Small Business Innovation Research assessment in accordance with 15 USC 638.

3. (U) FY 2000 PLAN

* (U) ($11,258) NATURAL-ENVIRONMENT ISSUES IN UNDERSEA SURVEILLANCE AND WEAPONS:

- (V) Earlier work on low frequency active acoustics successfully demonstrated capabilities to discriminate
against clutter from environmental features in a deep ocean setting (algorithms have transitioned and been
implemented in the Low Frequency Active Fleet System); further development will continue in active
acoustics to provide capabilities for detection of the “quiet” submarine with special emphasis on shallow
water regions; acoustic field measurements, modeling, and data analysis will be employed as well as joint
efforts with fleet activities, The Technical Cooperation Program, and the North Atlantic Treaty
Organization Supreme Allied Commander Atlantic (NATO SACLANT) Centre; validation and refinement of mid-
frequency bistatic bottom, surface, and volume scattering models will be a main focus.

- (U) Continue developments in shallow water acoustics to advance capabilities to exploit the natural
environment for optimal submarine detection, especially in the littoral zone where oceanographic conditions
can be highly variable both spatially and temporally; advances will come from theoretical modeling to
describe sound interaction with the ocean surface, the ocean bottom, and with variable ocean processes
(ocean fronts and internal waves); further quantification will be found for the result that acoustic
propagation in shallow water regions can be greatly influenced by the presence of internal solitary waves.
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- (U) Continue devel opments in undersea noi se characterization to enabl e acoustic detection/processor systens
(distributed systens; focused and adaptive beanforning; matched-field processing) to reject fal se al arns;
coupl ed hydrodynam c-acoustic noi se source nodels frompropeller cavitation and surf-generated breaking
wave noise will be the focus of effort; noise properties are of major inportance to efforts in PE 0602314N

- (U Continue devel opnents in natural-environnent enhanced signal processing, including methods for
estimating characteristics of the natural environnent from acoustic measurenents; devel op techni ques that
exploit key qualitative features of acoustic signals and thus offer near real-tinme |ocalization.

- (U Use a science/technology teamto ensure application of the | atest devel opnents in oceanography and
acoustics in the planning and assessnent of fleet Ship Anti Surface Warfare Readi ness Effectiveness and
Measuring Program (SHAREM) exercises; apply conputer sinulation/warfare effectiveness tools to SHAREM ai m
is to reveal how oceanographic/acoustic properties affect system performance and hel p focus future
basi c/ appli ed research.

- (U) Continue devel opnent of high-frequency acoustics, including underwater acoustics communications, based
on assessnent of the area as of FY 99

. (LD (%22, 515) NATURAL- ENVI RONVENT | NFLUENCES ON MCM SYSTEMS, | NCLUDI NG LI TTORAL OCEANOGRAPHY:

(U) Continue devel opnent of the technologies that will contribute toward the | ong-term goals of deternining
i nfluences of the natural environment on MCM systens and tactics and enabling real-time characteristics of
the natural environnent to be known to the on-scene conmander; this goal will be achieved through
devel opnents in several technologies (coastal ocean prediction, with waves and currents; ocean sanpling;
renote sensing; acoustics; optics; magnetics; hydrodynanics; chenistry; geol ogy/sedi nent dynanics;
bi osensor technology; etc.) and the “network-centric” approach by which the component technologies will be
applied for use by the on-scene commander.

- (V) Develop high-resolution littoral ocean models, including waves and currents, for use in predicting
oceanographic characteristics in the littoral zone significant to MCM operations; the aim is to transition
the capability to NAVOCEANO; indirect use of wave properties to infer bottom bathymetry will also be
developed.

- (U) Autonomous Ocean Sampling Network technology for MCM will continue development, primarily using
commercial-off-the-shelf technology; a series of field experiments featuring increasing levels of
difficulty; the revolutionary nature of this ocean technology will continue to be demonstrated through
collaboration with NAVOCEANO and other participants.

- (V) Continue development of remote sensing techniques to gain information about the littoral ocean,
especially ocean bathymetry which has a significant impact on mine countermeasure operations as well as
amphibious operations; the aim is to provide NAVOCEANO with a worldwide capability for inferring bottom
depths and other characteristics of the littoral ocean; Precise Time/Time Interval technology will be
developed for precise position capability, especially critical for Mine Warfare and MCM operations.
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- (U) Continue developnent, in collaboration with devel opnments in PE 0602232N and PE 0603794N, of algorithns
to employ with the NEMO satellite planned for launch in FY 00 with products ained for the Warfighter
Support Center at NAVOCEANO and the Marine Corps Intelligence Agency.

- (U) Place increasing enphasis on the devel opment of physics-based littoral ocean color nodels to enable
renot el y-sensed hyperspectral data to infer physical processes in the ocean; these nodels will enable the
nost effective exploitation of hyperspectral satellite inmagery, which prom ses to be a major advance in the
ability to probe the littoral ocean vertical structure for the purposes of littoral warfare; algorithns
will transition to NAVOCEANO

- (U) Continue devel opment of inmpact of the natural environment on high-frequency acoustics in terns of
synthetic aperture sonar and other high-resolution acoustic nethods of mine detection/classification;
results in this area are inportant to devel opnents underway in PE 0602315N.

- (U) Continue devel opnent in characterization of gas content of wet sands as a critical aspect of the
natural environnent that affects the effectiveness of explosive neutralization techniques for mne
cl ear ance.

- (U Continue devel opnent of hydrodynanic interactions with mnes, including hydro-sedi mentol ogi cal aspects,
to gain nore accurate ability to predict the behavior of mnes in shallow water, such as their possible
nmovenment and burial; this capability will provide the mne warfare conmmunity significant aid in terns of
types of operations needed to clear an area.

- (U) Continue devel opnent of biolum nescence sensor ained for transition to Navy Special Warfare Forces;
this work will enable the Navy Special Warfare Forces to assess vulnerability of their operations to
detection via “bioluminescence trails,” which is a high priority with Commander, Navy Special Warfare
Command.

- (U) Computer simulation/sensitivity analyses of operations in the littoral zone will continue development
for the evaluation of optimum tactical effectiveness, given the variable characteristics of the natural
environment.

« (U) ($11,838) OCEAN AND ATMOSPHERIC PREDICTION:

- (U) Continue to develop ocean model nowcast/forecast capabilities at a variety of scales (global and basin,
regional and semi-enclosed seas, and local), including relocateable and nested models, with the aim of
providing for transition through PE 0603207N to fleet operational users.

- (U) Continue development efforts for advanced on-board oceanographic models that utilize real-time data;
aim is to ultimately merge several models to enable the on-board model to provide a full suite
(oceanographic, acoustic, biologic, optical, visibility, etc.) of predictive capabilities for the on-scene
user in the FY 05 timeframe.

- (V) Perform ocean data assimilation, model intercomparisons, testing and validation with oceanographic
models under development.
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(U) Continue devel opnents in the area of coupl ed ocean/ at nosphere nodels to achieve nore accurate

i ncorporation of the effects of interactions between the two nedia.

(U Continue devel opnent of atnospheric nodels with the goal of providing Fleet Numerical Meterological and
Cceanogr aphi ¢ Command (FNMOC) with gl obal prediction capabilities that use a nested procedure to go from
global to regional to l|ocal descriptions; adaptation of nodels to nmassive parallel conputers will continue
as a means of achieving greater speed and efficiencies.

(U On-scene weather prediction capability has been under devel opnent and has denonstrated sone degree of
maturity; a prelimnary capability has been established in Bahrain at the request of U S. Central Comand
to provide real -tinme, on-scene weather prediction for operations in the Persian Gulf.

(U Wth the advent of nore capabl e prediction procedures data assimlation techniques for the atnospheric
nodel s will receive increased attention; in particular, the SPY-1 operational tactical radar will undergo
continued testing for use of the radar returns to infer detailed | ocal atnospheric conditions, which in
turn may be used to remove weather “clutter” from the radar display.

(V) The remarkable accomplishment of deriving vector wind fields from satellite data dramatically increased

the number of weather stations (by orders of magnitude) and led to a substantial increase in daily wind
observations; this achievement lays the basis for further developments in satellite applications to
meteorology; application of wind-derived information to tropical cyclone structure, to severe storms, and
to rain-rate will be developed; artificial intelligence procedures will continue to be developed for
automated inference of significant atmospheric characteristics.

(V) Build on the past work on aerosols and transport models to start the process of constructing an end-to-

end observation, analysis, and prediction system for use at FNMOC and with on-scene forecast systems;
continue field work on coastal aerosols and dust.

*  (U) ($4,723) ATMOSPHERIC INFLUENCES ON EM/EO SYSTEMS:
- (U) As a consequence of previous work on EM propagation in the atmosphere, much knowledge has been gained

on the nature and magnitude of variability in EM propagation caused by the natural environment;
developments will yield models that more thoroughly incorporate atmospheric effects of refraction,
extinction, turbulence, and rough boundaries; models are made available to the entire EM user community
through transition to NAVOCEANO; a specific focus for airborne and ship platforms will be the Advanced
Propagation Model that combines previous component models for terrain and range-dependence.

- (U) Continue field measurements to quantify atmospheric effects on EM propagation; an experiment in the

summer of FY 00 is to focus on a “rough” evaporation duct and the anomalous properties that result.

- (U) Continue development of tactical decision aids to enable the fleet user of EM systems to more fully

exploit system capabilities and/or anomalous conditions of propagation in the atmosphere which are often of
significant magnitude in terms of range and altitude modifications.
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

2 PROGRAM ELEMENT: 0602435N
PROGRAM ELEMENT TI TLE: Cceanographi ¢ and At nmospheri c Technol ogy

(U EO sensors are inportant in surface warfare and strike warfare, as denonstrated in the Persian Qulf
conflict; inmprovenents in EO propagation nodels will be developed in terns of atnospheric effects such as
background radi ance, transnittance, refractivity, aerosols, and clouds; the Advanced Navy Aerosol Model
(incorporating near surface effects over the open ocean inportant for detection of sea-skimring mssiles)
is expected to be conpleted in this tinmefranme; nodels are nmade available to the entire EO user conmunity
through transition to NAVOCEANO

(U Continue the international program El ectro-Optical Propagation Assessnent and Coastal Environnent
(EOPACE) as an effective means of gathering field nmeasurenents to test and verify atnospheric effects on
el ectro-optic propagation, especially in coastal environnments.

(U Continue efforts toward making the El ectro-Optical Tactical Decision Aid and El ectro- Magnetic Tacti cal
Deci sion Aid (EOCTDA/ EMIDA) nore inclusive of atnospheric effects and nore useful to the fleet operators.
(U Continue efforts in characterizing PM10 in the atnosphere of southern California, especially as to
operations and testing at naval bases in the area; field studies and enission studies will be the focus of
the efforts.

e (U (%$10,000) NOPP:
- (V) Continue evolution of efforts in “virtual” ocean data and remote sensing centers/facilities to

capitalize on existing centers by developing broad community access/exchange of Navy, NOAA, and other data
bases together with data display and assimilation techniques.

(U) Continue evolution of efforts aimed at a National Littoral “Laboratory” with the long-term aim of

“portable” coastal ocean/atmosphere forecasting capabilities.

(U) Continue partnership efforts in oceanography to optimize resources, intellectual talent, and facilities

in ocean sciences focused upon ocean observing technologies.

(U) Continue with selected aspects of efforts that develop and/or demonstrate Coastal and Open Ocean

Observational Techniques; Observational Systems; Sensors and/Sensing; and Modeling/Data Assimilation.

(U) Utilize SECNAV/CNO Oceanographic Research Chairs to further promote the collaboration of distinguished

university scientists with Navy/Marine Corps activities; a primary aim is to achieve a synthesis of results
and understanding in key oceanographic areas important to Navy/Marine Corps operations.

B. (U) PROGRAM CHANGE SUMMARY:

FY 1998 FY 1999 FY 2000
(U) FY 1999 President’s Budget: 71,491 56,722 59,974
(U) Appropriated Value: 69,222
(U) Adjustments from FY 1999 PRESBUDG: 3,276 12,004 360
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BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602435N
PROGRAM ELEMENT TI TLE: Cceanographi ¢ and At nmospheri c Technol ogy

(U FY 2000 President’s Subm ssion 74,767 68, 726 60, 334
(U CHANGE SUMVARY EXPLANATI ON:

(U Funding: The FY 1998 adjustnent of 3,276 reflects a Small Business Innovation Research reduction (-686), and
Actual Update through June (+3,962). The FY 1999 adjustnent of 12,004 reflects a Revised Econom c Adjustnment (-159),
Civilian Personnel Underexecution (-101), Congressional Add South Florida Test Facility (+2000), Congressional Add PM 10
(+500), Congressional Add Autonompus Underwater Vehicle (+10,000), and a Contract Advisory and Assistance reduction (-236).
FY 2000 adj ustment of 360 reflects adjustnents for Navy Working Capital Fund (NWCF) Pricing adjustnent (+943), Civilian Pay
Rates (+289), and Non Pay Inflation adjustnent (-872).

(U Schedul e: Not applicable.
(U Technical: Not applicable.
C. (U OTHER PROGRAM FUNDI NG SUMVARY: Not applicable

(U) RELATED RDT&E:
PE 0601153N (Def ense Research Sci ences)
PE 0602101F ( Geophysi cs)
PE 0602232N ( SEW Technol ogy)
PE 0602314N (Undersea Warfare Surveill ance Technol ogy)
PE 0602315N (M ne Counterneasures, M ning and Special Warfare Technol ogy)
PE 0602633N (Undersea Warfare Weapons Technol ogy)
PE 0602601F (Phillips Lab Exploratory Devel opnent)
0602784A (M litary Engi neering Technol ogy)
PE 0603207N (Ai r/ Ccean Tactical Applications)
PE 0603410F (Space Systens Environnental |nteractions Technol ogy)
PE 0603707F (Weat her Systens Technol ogy)
PE 0603785N (Conmbat Systems Oceanographi ¢ Perfornmance Assessnent)
PE 0603792N (Advanced Technol ogy Transition)
PE 0603794N (C3 Advanced Technol ogy)
PE 0604218N ( TESS ENG

EECECEEECEEEEEE
Y
m

D. (U) SCHEDULE PROFI LE: Not applicable.
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIVITY: 2 PROCGRAM ELEMENT: 0602805N
PROGRAM ELEMENT TI TLE: Dual Use Science and Technol ogy Program

(U COSsT: (Dollars in Thousands)

PRQJECT
NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TI TLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COWPLETE PROGRAM
Dual Use Science and Technol ogy Program
22,100* 9, 977 18, 390 18, 126 18, 222 18, 304 18, 692 19, 091 CONT. CONT.

* This programwas al |l ocated to Def ense Advanced Research Projects Agency (DARPA) under Program El enrent 0603805E in FY 1997
and FY 1998. In FY 1999 the funding was transferred from DARPA and al | ocated equal |y anong the three Services.

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON:  The nission of the Dual Use Science and Technol ogy Program ( DUS&T)
is to prototype and denonstrate new approaches for |everagi ng commercial research, technol ogy, products, and processes for
mlitary benefit. These new approaches to working with industry, many of which were prototyped at DARPA, nust becone common

t hroughout the Navy in order to take full advantage of the technol ogical dynam sm of the comrercial sector. Wile acquisition
ref orm has hel ped cl ear the path, and experience has shown | everagi ng can work, it has also shown that |everaging is still
unfam liar and not w dely adopted. The challenge is to spread |everaging of the comercial sector into the Navy and make it a
normal way of doi ng business throughout the entire acquisition spectrum Specifically, DUS&T encourages the Navy to | everage
comrerci al research and devel opnment to i nprove the perfornance, cost and/or readiness of mlitary systens. Under this effort,
the Navy solicits, evaluates, ranks, and nom nates dual use S&T projects for Dual Use S&T funds. Each project is 50% cost
shared with industry. 25%is cost shared with the Navy project funds and Dual Use S&T provides the remaining 25% All
projects are awarded using either Cooperative Agreenments or Gther Transactions. This is essentially a |earning by doing
approach to Dual Use S&T in the Navy, with Dual Use S&T funds providing an incentive.

(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis funded under APPLI ED RESEARCH because it investigates technol ogi cal
advances with possible applications toward solution of specific Naval problens, short of a major devel opnent effort.

(U) PROGRAM ACCOMPLI SHVENTS AND PLANS:
1. (U FY 1998 ACCOWPLI SHVENTS:
R-1 Line Item 16
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIVITY: 2 PROCGRAM ELEMENT: 0602805N

PROGRAM ELEMENT TI TLE: Dual Use Science and Technol ogy Program

($22,100) This programwas all ocated to DARPA under Program El enrent 0603805E in FY 1998:

(U Hyperspectral Renote Sensing Technol ogy in Space - Provide dual -use, space based system for collecting broad-
area Hyperspectral Imagery to characterize | and and sea environnents for Naval forces and conmercial users.

(U Sensor Technol ogy - Devel op the sensor hardware, software, and system architecture needed to neet the needs
and | ower cost of Naval and commrercial systens. Sensor technol ogies included are acoustic sensor arrays,
electric/mgnetic field sensors, seismc sensors, radi owave frequency sensors, electro-optic/infrared sensors,

| aser radars, sensor fusion, and |ocation/navigation sensors.

(U) Sustainment - Devel op robust and reliable designs, parts obsol escence decision tools and sinmulation nodels,
and advanced i ndustrial sustainment practices capable of fully supporting Naval weapon and comrercial systemlife
cycle requirements. These requirements include | owcost, |ow volunme manufacturing, shorter tine to |owrisk
production and cost-effective support; rapid quality repair and remanufacturing throughput; and increased

readi ness support.

(U Distributed Mssion Training - Develop commercially available authoring tools for devel oping interactive,
advanced distributed training which offer intelligent tutoring capabilities.

(U Fuel Efficiency and Advanced Propul sion Technol ogy - Devel op a nobdeling and simulation tool for electrica
power systens, and other dynam c |oad characteristic power systens and to develop a nonitoring and control system
for distributed power systens.

(U Information Systens & Technol ogy - Devel op i nfornati on technol ogi es that inprove the capability of both Navy
command and control, and comercial conmmuni cati ons and awareness. Areas of research include intelligent
i nformati on systems, communi cation systens, information fusion, and col | aborative environnent devel opnent.

(U Medical Technol ogi es - Devel op, design and construct a snall, portable ultrasound i magi ng device for advanced
traunma care
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIVITY: 2 PROCGRAM ELEMENT: 0602805N

2.

(Y

PROGRAM ELEMENT TI TLE: Dual Use Science and Technol ogy Program

FY 1999 PLAN:

(U (%$9,735) ONR issued a call to Navy activities for topics to be included in a single Joint Arnmy, Navy, and Air
Force solicitation to industry for dual use S&T proposals. Topic areas selected for FY 1999 i ncl ude:

(U) Affordabl e Sensor Technol ogy - Devel op the sensor hardware, software, and system architecture needed to neet
the needs and | ower cost of Naval and commrercial systens. Sensor technol ogies included are acoustic sensor
arrays, electric/mgnetic field sensors, seisnmc sensors, radi owave frequency sensors, electro-optic/infrared
sensors, |aser radars, sensor fusion, and | ocation/navigation sensors.

(U) Sustainnment - Devel op robust and reliable designs, parts obsol escence decision tools and simulation nodel s,
and advanced industrial sustainment practices capable of fully supporting Naval weapon and commercial systemlife
cycle requirenents. These requirenments include | owcost, |ow volune manufacturing, shorter tine to |lowrisk
producti on and cost-effective support; rapid quality repair and remanufacturing throughput; and increased

readi ness support.

(U Distributed Mssion Training - Devel op network of training assets, including Iive, sinulated and conputer-
generation, which allows nultiple players at nmultiple sites to engage in conplex, scalable and tailorable
synthetic training environments that mirror the real, nodern battlefield. Including |Interconnection technol ogy,
I nformation technol ogy, Representation technol ogy, and Pervasive technol ogi es.

(U Fuel Efficiency and Advanced Propul si on Technol ogy - Devel op technol ogies for the total propul sion system for
i ncreased and efficient speed and thrust, reduced anounts of fuel and power requited and reduced em ssions.
Aspects include power el ectronic building blocks.

(U Advanced Hi gh Speed Vessels and Structural Systens for Large Sea-Based Structures - This focus area addresses
those requirements needed by the Navy and commercial sector to build high perfornance and yet affordable platforns
over the life cycle. Technologies of particular interest include: high speed and excell ent seakeepi ng vessel s,
structural health nmonitoring systens for |arge sea-based structures, control of |large structural systens, and
reliability of conmposite structures.
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BUDGET ACTIVITY: 2 PROCGRAM ELEMENT: 0602805N

PROGRAM ELEMENT TI TLE: Dual Use Science and Technol ogy Program

(U Information Systens & Technol ogy - Devel op i nformation technol ogies that inprove the capability of both Navy
comand and control, and commrercial comunicati ons and awareness. Areas of research include intelligent
i nformati on systems, conmunication systems, information fusion, and col |l aborative environnent devel opnment.

(U) (%$242) Portion of extranural programreserved for Small Business Innovation Research assessnment in accordance
with 15 USC 638.

FY 2000 PLAN:

(U (9$18,390) ONR issued a call to Navy activities in Novenber 1998 for FY 2000 and 2001 topics to be included in
a single Joint Arny, Navy, and Air Force solicitation to industry for dual use S&T proposals. Selected topics

wi Il address Navy needs identified in the Science and Technol ogy Requirenents Guide and Navy projects will be
expected to provide at |east 25% of the total proposed effort with industry providing at | east 50% The FY

2000/ 2001 solicitation will be issued in January 1999. Selections will be nmade begi nning July 1999 and agreenents
for FY 2000 will be awarded in Cctober 1999. Topic areas include:

(U) Affordabl e Sensor Technol ogy - Devel op the sensor hardware, software, and system architecture needed to neet
the needs and | ower cost of Naval and commercial systenms. Sensor technol ogies included are acoustic sensor
arrays, electric/magnetic field sensors, seisnmic sensors, radi owave frequency sensors, electro-optic/infrared
sensors, |aser radars, sensor fusion, and | ocation/navigation sensors.

(U) Sustainment - Devel op robust and reliable designs, parts obsol escence decision tools and sinulation nodels,
and advanced industrial sustainment practices capable of fully supporting Naval weapon and commercial systemlife
cycle requirenents. These requirenments include | owcost, |ow volune manufacturing, shorter tine to | owrisk
producti on and cost-effective support; rapid quality repair and remanufacturing throughput; and increased

readi ness support.

(U Distributed Mssion Training - Devel op network of training assets, including live, sinulated and conputer-
generation, which allows nultiple players at nmultiple sites to engage in conplex, scalable and tailorable
synthetic training environments that mirror the real, nodern battlefield. Including Interconnection technol ogy,
I nformation technol ogy, Representation technol ogy, and Pervasive technol ogies.
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BUDGET ACTIVITY: 2 PROCGRAM ELEMENT: 0602805N

PROGRAM ELEMENT TI TLE: Dual Use Science and Technol ogy Program

(U Fuel Efficiency and Advanced Propul sion Technol ogy - Devel op technol ogies for the total propul sion system for
i ncreased and efficient speed and thrust, reduced anounts of fuel and power required and reduced em ssions.
Aspects include power electronic building blocks, turbine engine propul sion, aircraft power distribution and

st or age.

(U High Speed Ships - Conceptualize, analyze, and denonstrate the feasibility of high speed ships for both
commercial and nmilitary transport. The broad goals at full scale are: speeds in excess of 70 knots, ranges in
excess of 6,000 mles, payload (cargo) in excess of 5,000 tons, shallow draft for small port entry, offloading
under adverse weat her conditions, and reasonabl e power requirenents.

(U Information Systens & Technol ogy - Devel op i nfornmation technol ogies that inprove the capability of both Navy
command and control, and comerci al conmmuni cati ons and awareness. Areas of research include intelligent
i nformati on systems, communi cation systens, information fusion, and col | aborative environnent devel opnent.

(U) Bioengi neering and Medi cal Technol ogi es - Devel op technol ogies to inprove areas of Automatic Pattern
Recogni ti on- Neural npdel -based sensor/processor networks for dynam c scene assessnent, target
detection/classification, and machinery fault diagnosis and Bi orobotics-Bi om netic, Autononmous Vehicles and Mbile
Robot s.
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B. (U PROGRAM CHANGE SUMVARY:

FY 1998 FY 1999 FY 2000
(U) FY 1999 President’s Budget: 0 20,000 18,700
(V) Appropriated Value: 0 - -
(V) Adjustments from FY 1999 PRESBUDG: 0 -10,023 -310
(U) FY 2000 PRESBUDG Submission: 0 9,977 18,390

(U) CHANGE SUMMARY EXPLANATION:

(U) Funding: Reductions in FY 1999 due to FY99 Program Decrease (-10,000) and Revised Economic Assumption (-23). FY
2000 adjustments due to Outsourcing Adjustment (-44) and Non Pay Inflation (-266).

(U) Schedule: Not applicable.
(U) Technical: Not applicable.
C. (U) OTHER PROGRAM FUNDING SUMMARY: Not applicable.
(U) RELATED RDT&E:
(U) PE 0602805A (Dual Use Applications Program)
(V) PE 0602805F (Dual Use Applications Program)

D. (U) SCHEDULE PROFILE: Not applicable.
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FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and Advanced Technol ogy

(U COST: (Dollars in Thousands)

PRQIECT
NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TI TLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE ESTI MATE
R0446 Advanced Avi onics Subsystens (formerly Maritime Avionics & Subsystens Technol ogy (MAST)
6, 625 3,434 3,449 3, 507 3,564 3,623 3,700 3,780 CONT. CONT.
R0447 \Wapons Advanced Technol ogy
19, 412 23, 693 21, 439 23, 802 24, 960 25,671 26, 345 27, 039 CONT. CONT.
R2264 Air Systens Affordability
5, 930 5,728 5,511 2,988 2,140 2,323 183 322 CONT. CONT.
R2327 Integrated Hi gh Payoff Rocket Propul sion Technol ogy (| HPRPT)
944 0 0 0 0 0 0 0 0 1,904
W2014 |Integrated Hi gh Performance Turbi ne Engi ne Technol ogy (I HPTET)
5,171 7,559 7,211 7,180 7,903 7,377 7,543 7,712 CONT. CONT.
R2455 Vectoring Extremely Short Take-off and Landing (ESTOL) Control Tailless Operation Research (VECTOR)
0 4,989 4, 436 492 0 0 0 0 0 9,917
R2487 DP-2 Thrust Vectoring System Proof of concept denonstration
0 1,995 0 0 0 0 0 0 0 1,995
TOTAL 38, 082 47,398 42,046 37,969 38, 567 38,994 37,771 38, 853 CONT. CONT.

A (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON:  Thi s program el enrent (PE) denpbnstrates concepts for future air
pl atforns and surface/air weapons enployed in Naval Warfare. The denpbnstrated concepts support the Joint Warfare Strategy
Forward...fromthe Sea" and relate to the Joint Mssion Areas of Strike, Littoral Warfare, and Intelligence Surveillance and
Reconnai ssance. Pr ojects in this PE are jointly planned in the Defense Sci ence and Technol ogy Reliance process with the Air
Force and Arny through panels of the Director Defense Research and Engi neeri ng.
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BUDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and Advanced Technol ogy

(U Strike technology issues relevant to this PE include surgical lethality, platformsurvivability, affordability and
i ncreased Naval gunfire range and accuracy. Littoral Warfare technol ogy issues relevant to this PE include air battl espace
dom nance, expeditionary forces air support, ship self-defense and increased Naval gunfire range and accuracy. Intelligence
Survei |l | ance and Reconnai ssance technol ogy issues relevant to this PE include platform m ssion endurance and survivability.
Seven projects are executed within the PE

(U Advanced Avionics Subsystens (formerly Maritine Avionics and Subsystens Technol ogy (MAST)): Initiated in FY 95 by
Congress plus-up as MAST, Advanced Avionics Subsystens is a nulti-faceted program maturing integrated nodul ar avionics and
sof tware concepts towards providing new functionality, affordable, conmmon avionics to future and | egacy aircraft. Focused
on advanced vi sualization and data fusion functionality through scal able, open, fault tolerant and comon avi onics
architecture, advanced emul ati on and virtual prototyping, along with rmultifuncti on sensors and antennas. Programthrusts
address either Navy-specific applications or technol ogical areas where Tri-Services have agreed on a Navy lead. This
becones a core effort in FY 99

(U Weapons Advanced Technol ogy: Denobnstrates energi ng sub-systenm conponent | evel weapons concepts which pronise
af f ordabl e and significant perfornmance inprovenents to both existing and next generation Naval Air and Surface |aunched
weapons. These efforts in this area will denobnstrate the achi evenent of the tinme-phased Air and Surface Weapons Technol ogy
(ASWI) goals, which will maintain and increase the Naval Air and Surface Wapons capability edge through the 21* century. In
FY98 the Extending the Littoral Battlefield (ELB) Advanced Concept Technical Denobnstration (ACTD) was added to this project.
In FY99 this task was transferred to PE 0603238N, Project R2145.

(U Integrated H gh Payoff Rocket Propul sion Technology (IHPRPT): This project supports the achi evenent of the | HPRPT
program tine- phased goal s by conducting integrated conponent denonstrations of rocket propul sion technol ogy devel oped under
PE 0602111N. In FY99, this task was transferred to PE 0603217N, Project R0447.

(U Integrated H gh Perfornmance Turbine Engi ne Technol ogy (I HPTET): Provides experinental engine testing of new gas
turbi ne engi ne technol ogi es to denonstrate readi ness and reduce technical risk for entering engineering devel opnent. | HPTET

is a Tri-Service programin which each Service contributes established shares of 6.2 and 6.3 funding and | aboratory
resources to neet specified goals of doubling thrust-to-weight ratio, halving fuel consunption by the year 2003 (relative to
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BUDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and Advanced Technol ogy

a 1987 baseline) and reduci ng acquisition and mai ntenance costs. Additional enphasis has been incorporated to address High
Cycle Fatigue issues, which nay be associated with propul sion system desi gn system defici enci es.

(U Air Systens Affordability: Milti-faceted phased programto focus on inproving the affordability of future ngjor
acquisition progranms. This project will focus affordability research to support the delivered accuracy of future stand-off
weapons and support the devel opnent of nulti-function, anal og-to-digital conversion and signal processing electronic
nmodul es.

(U Vectoring ESTOL Control Tailless Operation Research (VECTOR) Program A followon to a previous X-31 thrust vectoring
denmonstration with Germany. This international flight denonstration effort adds Sweden to the US/ Germany Teamto utilize
the X-31 aircraft to devel op and denonstrate thrust vectoring technologies using a nulti-axis axisymretric thrust vectoring
nozzle with a fully integrated flight/engi ne/nozzle control system The VECTOR effort will denonstrate, in flight, the
concepts of: Extremely Short Takeoff and Landing (ESTCOL) to allow short-field operations, reduced catapult/arresting gear
requi renents, increased payload and bring-back, reduced aircraft catapult and arresting | oads, and, an Advanced Air Data

System (AADS) that will provide the required air data accuracy at very high angles of attack. It will provide engineering
anal yses for reduced tail/reduced directional stability to validate directional control capabilities using with thrust
vectoring. The programwll also provide data with which to determ ne val uable operating efficiencies inherent with such a

nozzl e configuration. These efficiencies include reduced aerodynam ¢ (induced) trimdrag, increased engi ne exhaust recovery,
and reduced aircraft weight.

(U The DP2 Thrust Vectoring System Initiated in FY 99 by Congressional plus-up, this programis a denonstration of a
proof - of - concept of a reduced-scale flight test vehicle. The vehicle concept is a short take-off/vertical |anding (STOVL)
aircraft of advanced conposite construction, utilizing thrust vector control. This air vehicle is envisioned as a vertica
take-of f transport for ship-to-shore operation and for ship/shore-based reconnai ssance.

(U The Navy Science and Technol ogy (S&T) programincludes projects that focus on or have attributes that enhance the
affordability of warfighting systens.

(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted wi thin the ADVANCED TECHNOLOGY DEVELOPMENT Budget Activity
because it enconpasses design, devel oprnent, sinulation, experinmental testing or prototype hardware. It is al so necessary to
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BUDGET ACTIVITY: 3

val i dat e t echnol ogi cal

UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and Advanced Technol ogy

feasibility and concept of operations to reduce technological risk prior to initiation of a new

acquisition programor transition to an ongoi ng acqui sition program

B. (U) PROGRAM CHANGE SUWMMARY FOR TOTAL P.E.:

FY 1998 FY 1999 FY 2000
FY 1999 President’s Budget 34,562 48,143 40,034
Appropriated Value 48,143 0
Adjustments from FY 1999 PRESBUDG 3,520 -745 2,012
FY 2000 President’s Budget 38,082 47,398 42,046

(U) CHANGE SUMMARY EXPLANIATION:

(U) Funding: FY 1998 adjustments reflect Actual adjustment updates (+3,805); and small business Innovation Research
adjustment (-$285). FY 1999 adjustments reflect Congressional Undistributed reductions (-$239); Congressional Directed
reduction (-$2,000); Congressional Plus-up DP-2 Thrust Vectoring (+$2,000); and Minor adjustment (-$506). FY 2000
adjustments reflect Non Pay Inflation adjustment (-$611); Navy Working Capital Fund (-$85); Civilian Pay rate adjustment
(+$208); and Realignment of Vector funding (+$2,500).

(U) Schedule: Not Applicable.

(U) Technical: Not Applicable.
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UNCLASSIFIED

FY 2000/ 2001 RDT&E, N BUDCGET | TEM JUSTI FI CATI ON SHEET DATE: Septenber 1998

BUDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and Wapons Advanced Technol ogy

(U COsT: (Dollars in Thousands)

PROJECT
NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TITLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM

R0446 Advanced Avi onics Subsystens (AAS) (formerly Maritine Avionics Subsystenms & Technol ogy (MAST))
6, 625 3,434 3, 449 3, 507 3,564 3,623 3,700 3,780 CONT. CONT.

(U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  Thi s project has been supported by Congressional Plus-ups since FY
1995 and becane a Navy budget effort beginning in FY 1999. This project denonstrates comercial -off-the-shelf (COTS) and
non- devel opnent item (CANDI) technology that will facilitate the introduction of new functionality (e.g., 3 dimensional (3-
D) perspective scene visualization, crew workload reduction, on/off-board sensor data fusion, tel epresence to the

battl espace, etc.) into existing Navy aircraft and future platforns in a cost-effective manner. The project includes

el ements responsive to the original Congressional guidance: (a) visualization and data fusion software; (b) scal able open
architecture project (SOAP); (c) advanced interconnect technol ogy; (d) avionics packagi ng and cooling technol ogy; and (e)

| ow cost sensors and connectivity. Individual performers and tasks are selected to maxim ze the probability of transfer of
successful results to Navy and other systens. This project addresses the Joint Vision 2010, Navy Sci ence and Technol ogy
(S&T) Requirenments Cuidance, ...Forward From The Sea, and the outyear plans of several naval aviation programs (e.g., F/ A-

18, Air Conbat El ectronics, Tactical Aircraft Mssion Planning, AV-8B, Joint Strike Fighter (JSF) and others). Key

obj ectives include providing better technol ogy transparency, reducing software costs, opening currently closed avionics
architectures, enabling earlier use of CANDI technol ogies, protocol-independent high-speed/hi gh-bandw dth databases, and
ability to introduce new functionality for effective joint warfighting.
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UNCLASSIFIED

FY 2000/ 2001 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: January 1999
BUDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N PROQJECT NUMBER: R0446
PROGRAM ELEMENT TI TLE: Air Systens and PRQIECT TI TLE: Advanced Avi oni cs
Weapons Advanced Technol ogy Subsyst enms ( AAS)

(U PROGRAM ACCOVPLI SHVENTS AND PLANS:

(U FY 1998 ACCOWPLI SHVENTS: ($7,132) includes $3,461 FY 97 funding rel eased in FY 98

(U (%$2,070) Advanced Visualization and Data Fusion Software (AVDFS)
(U Initiated:

- (U AVDFS software integration with version 6.2 of Tactical Aircraft M ssion Planning System (TAMPS) for

i ntegrated nission planning and rehearsal capability.
- (U Denonstration of bringing off-board i mgery from conmercial source into a mlitary cockpit by creating

comrerci al inagery archive browser and retrieval software

(U) Conti nued:
- (U Mpsaicing of off-board and on-board information into geospecific 3-D inmagery. Includes ability to npsaic

and fuse (overlay) camera video streans onto a 3-D scene rendered fromthe conbi nati on of archival Digital

Terrain El evation Data (DTED) and imagery.
- (U Refining inmage generation software for portability to nultiple comrercial-off-the-shelf (COTS) graphics

engines. Mgration of AVDFS to multiple platfornms including the entire Silicon Graphics Inc. (SA) product |ine
and W ndows New Technol ogy (NT) | NTEL-based processors.

(U) Conpl et ed:
- (U Power Scene Integration with TAMPS for integrated m ssion planning and rehearsal capability and

application at Naval Air Station, Fallon, NV.
- (U) F/A-18 integrated 2 dimensional (2-D) cockpit demonstration at Boeing’s Advanced Avionics Center in

St.Louis, MO.
Highlighted the tactical utility of AVDFS for several avionics scenarios.
- (U) Demonstration of ability to import National Imagery and Mapping Agency (NIMA) standard format data for

direct use in a geocentric representation with worldwide coverag e.

(U) ($3,840) Scalable Open Architecture
(V) Initiated:
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UNCLASSIFIED

FY 2000/ 2001 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: January 1999
BUDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N PROQJECT NUMBER: R0446
PROGRAM ELEMENT TI TLE: Air Systens and PRQIECT TI TLE: Advanced Avi oni cs
Weapons Advanced Technol ogy Subsyst enms ( AAS)

- (U Integration of signal processing node and hi gh speed nultiprocessor node into the SOAP architectureed on
COTS t echnol ogy.

- (U Inplementation of 3-D perspective scene generation into enbedded hardware. Initial investigation of using
processi ng resources on the Optical Backpl ane |Interconnect System (OBIS) backpl ane as the enbedded resource for
vi sual i zation al gorithns.

- (U Incorporation of Real-tinme Database Managenent System

- (U Fault tolerant/dynam c reconfiguration in a Real-tinme Common Obj ect Request Broker Architecture (CORBA)
envi ronnent .

- (U Performance nodeling process devel opnment to be used throughout project life.

(U) Conti nued:

- (U Prelimnary off-board interface definition.

- (U Performance anal ysis and devel opnent of conmmon object request broker architecture in a real-tine

determ nistic system

- (U Definition of network requirenents and capabilities for an information intensive unified system

(U) Conpl et ed:

- (U Inplenentation and integration of 2-D capability on enbedded processi ng hardware.

- (U Intial design and virtual prototype of COTS-based single thread processor enulator chip capable of

runni ng exi sting code on a cl ock-cycle accurate basis.

« (U ($850) Advanced Avionics |Interconnect Technol ogy

(U Initiated
- (U Devel oprent of extrenely high speed and hi gh bandw dth protocol independent optical data network based

on COTS technol ogi es and techni ques. Technol ogy | everages fiber optic technol ogi es devel oped by the commercia
tel econmuni cations industry. This effort seeks to nmultiplex nultiple signals using various protocols over a
single optical fiber to replace current ML-STD 1553 bus technology. The goals of this effort seek to increase
data transfer rates by a factor of 1000X (1MB vs. 1GB or nore); dempnstrate reduced El ectronmagnetic
Interference (EM) and El ectronmagnetic Vulnerability (EMV); and reduced |ife cycle and devel opnment costs for

F/ A-18, JSF, Close Air Support (CSA) and ot her advanced air vehicles.
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UNCLASSIFIED

FY 2000/ 2001 RDT&E, N BUDCGET | TEM JUSTI FI CATI ON SHEET DATE: January 1999

PRQIECT NUMBER: R0446
PRQIECT TI TLE: Advanced Avi onics
Subsyst enms ( AAS)

BUDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and
Weapons Advanced Technol ogy

- Joint Dual-Use programwi th Naval Sea Systens Command ( NAVSEA) and Defense Advanced Resource Project Agency
(DARPA) to establish conmercial sources for nmilitary fiber optic systens applications Exploiting Comercial
Sources and Techni cal Advantages to Insure Conpetitiveness (ECSTATIC Project).

Cont i nued:
- (U Optical Network effort discussed above to begin denonstration of critical conponents.

- (U Optical backplane integration into SOAP architecture with nultiprocessor real-tinme operating system

* (U (%$262) Low Cost Sensors and Connectivity

(U Conti nued:
(U Evaluation of technol ogy and concepts for real-time connectivity of on-board data bases and subsystens
it

h of f-board sources of data or information.

W

e (U (%110) Advanced Packagi ng

(U Conti nued:
- (U Evaluation of COTS packagi ng technol ogy in naval avionics applications.

2. (U FY 1999 PLAN. ($6,388 includes $2,954 FY 98 funding released in FY 99)

e (U (%1,775) Advanced Graphics and Data Fusion

Initiate:
(U) Devel oprment and denonstration of a portable 3-D rendering capability which can be executed in non-real -

time on a scal abl e open architecture system prototype.
(U Prelimnary investigation of calligraphic |light sources and a range of atnospheric effects in the AVDFS

to enhance realismin the avionics environment.
(U Conti nue:
- (U Devel oprrent and denonstration of interoperability with operational avionics hardware through sinulation

and proposed flight-worthy hardware.
(U To develop the capability to execute 3-D perspective scene generation software in real-tinme on enbedded

avi oni cs hardware. The devel opnent nethodol ogy will involve the iterative use of software simulation
techni ques in conjunction with the progressive use of proposed scal abl e open architecture avionics hardware.
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FY 2000/ 2001 RDT&E, N BUDCGET | TEM JUSTI FI CATI ON SHEET

BUDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N PROQJECT NUMBER: R0446
PROGRAM ELEMENT TI TLE: Air Systens and PRQIECT TI TLE: Advanced Avi oni cs
Weapons Advanced Technol ogy Subsyst enms ( AAS)

DATE: January 1999

(U Geo-registered i mage nosaicing techni ques and data conpression technology required to fuse imagery from
mul tiple sources and bring in information from off-board.

(U Conpl ete:

- (U Initial deno of bringing off-board i magery from conmerci al
conmercial inmagery archive browser and retrieval software.

- (U Integration of AVDFS with TAMPS 6.2 mi ssion planning software.
(U Mgration of AVDFS software to Wndows NT processors.

source into a mlitary cockpit by creating

e (U (%3,155) Scal able Open Architecture
(U Conti nue:

(U Realtinme common object request broker architecture eval uation.
Eval uation of dynam c reconfiguration in a realtime CORBA environnent.

- (Y
(U Denonstration of 3-D visualization in enbedded hardware.

(U Conpl ete:
- (U Realtinme Database Managenent System
- (U Backpl ane and network protocol eval uations.

(U Denonstration of off-board interfaces.
- (U Renewal of |egacy software systens processor enul ator prototype chip which is capable of enulating the
AN/ AYK- 14 mi ssi on conputer processor.

. (U) ($858) Advanced Interconnect Technol ogy
(U Continue:
Eval uation of optical interconnect conponents for ships and aircraft under joint NAVSEA/ Naval Air

- (Y
Systens Conmand (NAVAIR) Dual - Use S&T project agreement.
- (U Integration of key conponents for Hi gh Speed Optical Networks.

e (U (%$515) Low Cost Sensors and Connectivity

(U Conti nue:
R-1 Line Item 17
Budget Item Justification

(Exhibit R-2, page 9 of 31)
UNCLASSIFIED



UNCLASSIFIED

FY 2000/ 2001 RDT&E, N BUDCGET | TEM JUSTI FI CATI ON SHEET

PRQIECT NUMBER: R0446
PRQIECT TI TLE: Advanced Avi oni cs

Subsyst enms ( AAS)

DATE: January 1999

BUDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and
Weapons Advanced Technol ogy

program reserved for Small Business

(U MIllimeter-wave (MWY antenna concept anal ysis.
Portion of extramural

Busi ness | nnovati on Research (SBIR).
in accordance with 15 USC 638.

e (U (%$85) Snuall
I nnovati on Research assessnent

(U FY 2000 PLAN:
(U (%1,200) Advanced Visualization and Data Fusion Software

(U) Conti nue:
-(U) Devel opnent of controllable time-of-day effects in AVDFS-rendered 3-D scene.
-(U) Devel opnment of extended graphical annotation and editing techniques.
-(U) AVDFS man/ machi ne interface analysis in airborne environment.

Vehicle (UAV) video streans

(U Conpl ete:
-(U) G ound-based denp show ng nosaici ng and fusion of off-board Unmanned Aeri al
with AVDFS and render resulting 3-D product on an enbedded open system architecture in near real-tine.

(%1, 299) Scal abl e Open Architecture

- (VY
(U Initiate:
-(U) On-board/ of f-board/archival database information fusion.

(U Conti nue:
-(U) Denonstration of distributed real-tine application integrated with actual

(U Conplete:
- (U Final denobnstration of dynami c reconfiguration in a Real -time CORBA environment.
(U Conpletion of 3-D visualization in enbedded har dware.

F-18 M ssion Software.

. (U ($950) Advanced I nterconnect Technol ogy
(U Conti nue:
-(U) Devel opnent of Fiber-optic Avionics SubCarrier (FAST) Net wor k.

(U Conpl ete:
-(U) Dual -use ECSTATIC hardware denpnstrations.

Modul ation (SCM Transfer

Budget Item Justification
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(Exhibit R-2, page 10 of 31)

UNCLASSIFIED



UNCLASSIFIED

FY 2000/ 2001 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: January 1999
BUDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N PROQJECT NUMBER: R0446
PROGRAM ELEMENT TI TLE: Air Systens and PRQIECT TI TLE: Advanced Avi oni cs
Weapons Advanced Technol ogy Subsyst enms ( AAS)

B. (U PROGRAM CHANGE SUMVARY: See total program change sumary for P.E
C (U OTHER PROGRAM FUNDI NG SUMMARY: Not applicable.

(U RELATED RDT&E: This program adheres to Defense Reliance Agreements for Sensors, Electronics and Battl espace
Envi ronment (Integrated Pl atform El ectronics).

(U Work in this ProgramElenent (PE) is related to and fully coordinated with efforts in the foll ow ng PEs:
PE 0601152N (I n House Lab I ndependent Research)

PE 0601153N ( Def ense Research Sciences)

PE 0602111N (Air and Surface Launched Weapons Technol ogy)
PE 0602122N (Aircraft Technol ogy)

PE 0602202F (Human Systens Technol ogy)

PE 0602204F ( Aerospace Avionics)

PE 0602234N (Materials, Electronic, and Conputer Technol ogy)
0602708E ( Cockpit Autononous Landi ng)

PE 0603231F (Crew Systens and Personnel)

PE 0603238N (Precision Strike and Air Defense Technol ogy)

PE 0603792F (Advanced Technol ogy Denopnstrati ons)

PE 0603800N & 0603800F (Joint Strike Fighter (JSF) DEM VAL)

(
(
(
(
(
(
(
(
(
(
g
( PE 0603253F (Advanced Avi onics Integration)

cgeeeeeceeeeeccee
T
m

D. (U SCHEDULE PROFILE: Not applicable.
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FY 2000/ 2001 RDT&E, N BUDCGET | TEM JUSTI FI CATI ON SHEET DATE: January 1999

BUDGET ACTI VI TY: PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and Weapons Advanced Technol ogy

(U COsT: (Dollars in Thousands)

PROJECT
NUMBER & FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TITLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM

R0447 Weapons Advanced Technol ogy
19, 412 23,693 21, 439 23, 802 24, 960 25,671 26, 345 27,039 CONT. CONT.

A (V) M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  This project will reduce technical risk by perform ng technol ogy
denmonstrations in guidance and control, ordnance, @uns and Launchers, fire control air breathing propul sion and airframe

aeromechani cs sub-systeni conponent concepts. It builds on the foundation of research energing from Navy and | ndustry
Appl i ed Research projects funded by PE 0602111N prograns which prom se affordabl e perfornmance i nprovenents to existing and
next generation Naval air and surface |aunched weapons. In FY98 the scope of this project was expanded to include the

Extending the Littoral Battlespace (ELB) Advanced Concept Techni cal Denonstration (ACTD) which will denonstrate/exploit
emer gi ng technol ogi es (comercial and government) for use in theater-w de, real time managenent of expeditionary forces
operating within the littoral. In FY 99 ELB was funded in PE 0633238N and PE 0602315N. The el enents of the project addresses
Joint Mssion Area (JMA) requirenents for increased capabilities in surgical lethality of weaponry (Strike JMA), increased
ship self defense capabilities (Littoral Warfare JMA) and increased accuracy and range for Naval Surface Fire Support
(Strike and Littoral JMAS).
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FY 2000/ 2001 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: January 1999
BUDGET ACTI VI TY: PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and PRQJECT NUMBER  R0447
Weapons Advanced Technol ogy PRQIECT TI TLE: Weapons Advanced Technol ogy

(U PROGRAM ACCOMPLI SHVENTS AND PLANS:
1. (U FY 1998 ACCOVPLI SHVENTS:

. (U (%$3,523) Cruise Mssile Real Tine Retargeting Denpbnstration:
-(U) Produced Build 1 seeker.
-(U) Established ground testing capability for Build 1 solid state Laser Detecting and Rangi ng Seeker (LADAR)
in North Range Towers.
-(U) Began flight testing of Build 1 solid state LADAR on T-39 aircraft.
-(U Modified the T-39 test aircraft to accept the Build 1 LADAR sensor. This task includes designing and
fabricating the nechanical/electrical interface assenblies, wiring harnesses, and interface boards in
Hardware in the Loop (HI TL) I ab.
-(U) Produced Build 2 solid state LADAR conponents. Phase 3 will finalize the designs for the Tomahawk
(Navy) and Small Smart Bomb (Air Force) tasks.
-(U) Produced m ssion planning procedures and software for strike planning, targeting, and neural network
traini ng.
-(U) Devel oped fixed target Autononmous Target Recognition Software.

. (U) (%3,850) Surgical Strike Adaptive Wapon Control Video and Data Conmuni cati on System
This task devel ops and denonstrates advanced vi deo conpression and radio frequency (RF) nodul ation/codi ng
technol ogy for a podl ess digital weapon control data link systemfor use in joint strike operations.

-(U) Designed, integrated, and | ab tested RF nodul es, nodem nodul es, network control processor nodul es, and
central processor nodul es.

-(U) Refined system | evel performance requirenents.

-(U) Performed prediction analysis of weapon control data |ink system

-(U) Designed, developed, and fabricated of RF, nodem network control, processor, and central processor

subnodul es.
-(U) Devel oped platformintegrati on approach/design.
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Weapons Advanced Technol ogy PRQIECT TI TLE: Weapons Advanced Technol ogy

-(U) Defined electrical and mechanical termnal interfaces.
-(U) Produced antenna design.

. (U ($1,200) Concentric Canister Launcher (CCL):
(U This task will denmonstrate a universal munitions |auncher for Tomahawk, SM 2 Bl ock IV, and Evol ved Sea
Sparrow Mssile (ESSM. The technol ogies to be denmonstrated involve missile fly out froma full scale
| auncher tube; validation, verification, conputational design tools; and will denonstrate a distributed |aunch
control system capabl e of sinultaneous and coordi nated | aunch of nultiple mssile types. This programis
focused upon Affordability and will address reduced Life Cycle Costs through reduci ng nmanni ng, autonated
construction, and by utilizing a nodul ar design.
-(U) Designed and fabricated canister interface electronics unit.
-( Devel oped fiber optic Local Area Network (LAN) architecture.
-( Demonstrated all up distributed control system
- ( Desi gned hardware for planned outyear SM2 Bl k 1V restrained firing tests.

cce

. (U ($3,052) Concurrently Engineered (CE) Ball-Joint Gnbal for Joint Strike Wapon:

Conpl et ed i ntegrated CE seeker devel opnent and environnental denonstration.

Fi ni shed Mechani cal /el ectrical hardware design.

Conduct ed CE seeker denonstration.

Performed Ground, rooftop, HI TL. Fabrication and flight clearance test preparation.
Conti nued CE seeker integration and test.

cccce

. (U (%1, 362) Shared Aperture:
(U This task enables the devel opnment and denonstration of w deband nultifunction RF systems with shared
apertures and electronics to performthe functions currently perforned by multiple RF systens, in particular
radar, comuni cations and el ectronic warfare systens.
-(U) Constructed test prototype.
-(U) Continued final design for open architecture multifunction RF system capabl e of neeting Navy
requi renents or a set of radar, conmunications and El ectronic Warfare (EW functions,
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-(U) Finished systemrequirements and performance specification.

. (U (%6, 425) ELB:
-(U) Continued fires and targeting definition for ELB ACTD system desi gn.
-(U) Conducted Exercises and feasibility denmonstration definition.
-(U) Performed ACTD systens engi neering, devel opment and integration.
-(U) Conpleted design and initial outfitting of afloat testbed interface with Navy fires and targeting
syst ens.

2. (U FY 1999 PLAN:

. (U ($5,102) Cruise Mssile Real Tine Retargeting Denonstration:
-(U) Denonstrate the Build 1 LADAR in the |ab which includes the adaptive strike planning and fixed/ nobile
target automatic target recognition software, and Tomahawk 6 DOF sinul ati on.
-(U) Finish nodification of the T-39 test aircraft to accept the Build 1 LADAR sensor. This task included
design and fabrication of the nechanical/electrical interface assenblies, w